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A method is disclosed for extending an extender probe to produce a single stranded polydeoxynucleotide 
that is free of unreacted extender probe and has two segments that are non-contiguous and complementary with 
each other. The method comprises the steps of (1) providing in combination (a) a polynucleotide having two non- 
contiguous, non-complementary nucleotide sequences S1 and S2 wherein S2 is 5' of S1 and is at least ten 
deoxynucleotides long, (b) an extender probe comprised- of two deoxynucleotide sequences, wherein the 
sequence at the 3'-end of the extender probe (EP1) is hybridizable with S1 and the other of the deoxynucleotide 
sequences (EP2) is substantially identical to S2 and (c) means for modifying the 3'-end of extender probe that 
does not hybridize with the polynucleotide and (2) extending the extender probe along the polynucleotide 
wherein extender probe not hybridized to the polynucleotide becomes modified at its 3' -end. 

A method is ajso disclosed for forming a polynucleotide sequence complementary to a single stranded 
target polynucleotide sequence ("target sequence"). In the method a polynucleotide primer having a 3Merminus 
comprised of a nucleotide monophosphate, which has at least one phosphate-sulfur bond, is hybridized to the 3'- 
end of the target sequence. The polynucleotide primer is extended along the target sequence and the extended 
polynucleotide primer is then dissociated from the target sequence. The method finds particular application in 
the area of nucleic acid amplification. 
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BACKGROUND OF THE INVENTIO N 
1 ■ Field of the I nvention. 

5 Nucleic acid hybridization has been employed for investigating the identity and establishing the 

presence of nucleic acids. Hybridization is based on complementary base pairing. When complementary 
smgle stranded nucleic acids are incubated together, the complementary base sequences pair to form 
double stranded hybrid molecules. The ability of single stranded deoxyribonucleic acid (ssDNA) or 
ribonucleic acid (RNA) to form a hydrogen bonded structure with a complementary nucleic acid sequence 

w has been employed as an analytical tool in molecular biology research. The availability of radioactive 
nucleoside triphosphates of high specific activity and the *P labelling of DNA with T4 kinase has made it 
poss.ble to identify, isolate, and characterize various nucleic acid sequences of biological interest. Nucleic 
ac.d hybridization has great potential in diagnosing disease states associated with unique nucleic acid 
sequences. These unique nucleic acid sequences may result from genetic or environmental change in DNA 

•s by insertions deletions, point mutations, or by acquiring foreign DNA or RNA by means of infection by 
bacteria, molds, fungi, and viruses. Nucleic acid hybridization has, until now, been employed primarily in 
academic and industrial molecular biology laboratories. The application of nucleic acid hybridization as a 

ST^mI oMl iniCa ' mediCine iS ' imited b6CauSe of the gentry very low concentrations of disease 
related DNA or RNA present in a patient's body fluid and the unavailability of a sufficiently sensitive method 
20 of nucleic acid hybridization analysis. 

Current methods for detecting specific nucleic acid sequences generally involve immobilization of the 
target nucleic acd on a solid support such as nitrocellulose paper, cellulose paper, diazotized paper or a 

7^HTuT th ? tar9et mCleiC 3Cid iS fiXed ° n ,he Sup P° rt - ,he s "PP° rt is contacted with a 

suitably labelled probe nucleic acid for about two to forty-eight hours. After the above time period, the solid 

f h T P H h W Tl !T ra ' tim6S at 3 contro,led temperature to remove unhybridized probe. The support is 
then dned and the hybridized material is detected by autoradiography or by spectrometric methods 

When very low concentrations must be detected, the current methods are slow and labor intensive and 
non.sotopic labels that are less readily detected than radiolabels are frequently not suitable. A method for 

* Zt?^ h f e " Sitivity 10 permit the use of sim Pte. rapid, nonisotopic. homogeneous or heterogeneous 
so methods for detecting nucleic acid sequences is therefore desirable. 

Recently a method for the enzymatic amplification of specific segments of DNA known as the 
polymerase chain reaction (PCR) method has been described. This in vitro amplification procedure is based 
on repeated cycles of denaturation, oligonucleotide primer annealingT a^rjprimer extension by thermophilic 
polymerase, resulting in the exponential increase in copies of the region flanked by the primers The PCR 

* primers, wh.ch anneal to opposite strands of the DNA, are positioned so that the polymerase catalyzed 
extension product of one primer can serve as a template strand for the other, leading to the accumulation of 
a discrete fragment whose length is defined by the distance between the 5' ends of the oligonucleotide 

Another method has also recently been described for amplifying nucleic acid sequences. This method 
o is referred to as single primer amplification because, unlike PCR, it utilizes only one primer, not two as 
required by PCR. This method provides for the amplification of a target sequence that possesses a stem- 
loop or inverted repeat structure where the target sequence is flanked by relatively short complementary 
sequences. Various methods for creating such a target sequence in relation to the presence of a 
polynucleotide analyte to be detected have also been described, 
s One problem with the use of synthetic oligonucleotide primers is that such primers are susceptable to 
degradation by the exonuclease activities associated with many DNA polymerases used in amplification 
procedures. One such procedure, as mentioned above, is PCR. which provides for an exponential 
amplification of nucleic acids. PCR is generally carried out using a Taq polymerase, which lacks a 3'-5' 
exonuclease activity and is not capable of removing mismatches. Numerous modifications of this procedure 
Z'n, deSCnb , ed ' some reduirin 9 temperature cycling, others amplifying at a single temperature. Those 
maintaining a single temperature rely on the activities of as many as four enzymes to achieve amplification 
whereas procedures involving temperature cycling depend on heat-stable polymerases. The detection of 
genetic polymorphisms or point mutations in diagnosing genetic disease is routinely described using PCR 
Primers mismatched at the 3' end are used to introduce artificial restriction sites or to detect single base 
. mismatches in the target DNA. Enzymes containing 3' exonuclease activities used in amplification protocols 
however, would digest the mismatched primer-template region, severely limiting this type of analysis 

One part of the invention described herein permits extension of primers along templates and amplifica- 
tion of primers even in the presence of enzymes containing strong 3' exonuclease activities 
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2. Description of the Prior Art. 

A process for amplifying, detecting and/or cloning nucleic acid sequences is disclosed in U.S. Patent 
Nos. 4,683,195 and 4,683,202. Sequence polymerization by polymerase chain reaction is described by 
5 Saiki, et al., (1986) Science , 230 . 1350-1354. A method of making an oligonucleotide is described in 
European Patent Application No. 0194545 A2. Belgian Patent Application No. BE 904402 discloses a mold 
for making DNA detection probes. Gene amplification in eukaryotic cells is disclosed in U.S. Patent No 
4,656,134. 

Langer, et al, Proc. Natl. Acad. Sci. USA , (1981) 78: 6633-6637 discloses the enzymatic synthesis of 

jo biotin labelled polynucleotides and the use of these materials as novel nucleic acid affinity probes. The 
detection of viral genomes in cultured cells and paraffin imbedded tissue sections using biotin labelled 
hybridization probes is discussed by Brigati, et al., Virology , (1983) 126: 32-50. U.S. Patent No. 4,486,539 
discloses the detection of microbial nucleic acids by a one step sandwich hybridization test. Sensitive tests 
for malignancies based on DNA detection is described in U.S. Patent No. 4,490,472. U.S. Patent No. 

15 4,480,040 discloses the sensitive and rapid diagnosis of plant viroid diseases and viruses employing 
radioactively labelled DNA that is complementary to the viroid or to the nucleic acid of the virus being 
diagnosed. European Patent Application 83106112.2 (Priority U.S. Patent Application 391,440 filed June 23, 
1982) teaches modified labelled nucleotides and polynucleotides and methods of preparing, utilizing, and 
detecting the same. Methods and compositions for the detection and determination of cellular DNA are 

20 disclosed in U.S. Patent No. 4,423,153. Specific DNA probes in diagnostic microbiology are discussed in 
u s Patent No. 4,358,535. A method for detection of polymorphic restriction sites and nucleic acid 
sequences is discussed in European Patent Application No. 0164054 A1. U.S. Patent No. 4,663,283 
describes a method of altering double-stranded DNA. 

Genomic amplification with transcript sequencing is discussed by Stoflet, et al., Science (198) 239:491. 

25 Primer-directed enzymatic amplification of DNA with a thermostable DNA polymerase is described by~Saiki, 
et_aL, Science (1988) 239:487. U.S. Patent No. 4,724,202 discloses the use of non-hybridizable nucleic 
acids for the detection of nucleic acid hybridization. Bugawan, et al., describe the use of non-radioactive 
oligonucleotide probes to analyze enzymatically amplified DNA~~fo7 prenatal diagnosis and forensic HLA 
typing. 

30 Detection and isolation of homologous, repeated and amplified nucleic acid sequences is disclosed in 
U.S. Patent No. 4,675,283. U.S. Patent Nos. 4,683,195 and 4,683,202 disclose a homogeneous poly- 
nucleotide displacement assay with digestion of the displaced RNA single strand polynucleotide from the 
reagent complex and amplifying nucleic acid sequences with treatment of separate complementary strands 
of the nucleic acid with two oligonucleotide primers. European Patent Application No. 0200362 describes a 

35 process for amplifying, detecting or cloning nucleic acid sequences and useful in disease diagnosis and in 
preparation of transformation vectors. A method for simple analysts of relative nucleic acid levels in multiple 
small samples by cytoplasmic dot hybridization is described in U.S. Patent No. 4,677,054. A hybridization 
method of detecting nucleic acid sequences with a probe containing a thionucleotide is described in U.S. 
- Patent No. 4,647,529. 

40 A simple and efficient enzymatic method for covalent attachment of DNA to cellulose and its application 
for hybridization-restriction analysis and for in vitro synthesis of DNA probes is described in Nucleic Acids 
Research (1986) 14: 9171-9191. Cleavage" of single stranded oligonucleotides by Eco Rl restriction 
endonuclease is described in Nucleic Acid Research (1987) 15: 709-716. 

Exponential Amplification of Recombinant-RNA Hybridization Probes is described by Lizardi, et al. - 

45 0988) Biotechnology 6:1197-1202. Fahrlander, et aL, discusses Amplifying DNA Probe Signals"^ A 
Christmas Tree Approach in Bio/Technology (1988) 6:1165-1168. 

A nucleic acid hybridization assay employing probes cross-linkable to target sequences is described in 
U.S. Patent No. 4,599,303. The method involves the preparation of a specific single stranded ribonucleic 
acid or deoxyribonucleic acid molecule into which a bifunctional cross-linking molecule has been covalently 

so incorporated. The incorporation is such that the cross-linking molecule retains the capacity to undergo a 
second reaction with the nucleic acid of the bacterial, viral, or mammalian chromosome, which is the target 
for the probe such as to form a covalent cross link. Following cross-linking, the uncrossed link probe is 
separated from covalently cross-linked probe-target complex using one of several procedures which 
differentiate between single stranded probe and double stranded covalently linked probe-target complex. 

55 A hybridization method and probe for detecting nucleic acid sequences is described in U.S. Patent No. 

4,908,307. An amplified hybridization assay is described in U.S. Patent No. 4,882,269 wherein a family of 
signal-generating secondary probes bind to a primary probe that hybridizes to the target sequence of 
interest. 
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Deletion ot target sequences in nucleic acids by hybridization using diagnostic and ^«9«us Prabes 
,0, gnosis o, f—^^T^ethod fs^X?- "be 

^'^r^^1X:^L^ in tha, con,,g„us sequences ™- £ 
carjlt. method, one must identify the diagnostic sequence and the contiguous »que . and c.eate 

-r r c= r SacT ^ 

isoWinS genllc « RNA-derived duple, fragments which are unique to one of W o .ragmen, mr* »»«. The 
™menK°n positi.e-source and negative-source mixtures are separately equ.pped w,th end linker, and 

mMure. are isoLed arte, removal ot hybridized species by alf,n,ty chromatography. Also disclosed 

sSds u ,o, »rxsi^^ - a ™ ° f ,h - s ° 

W ~ —a,^^ on phosphorothioate chemist, is describ^dby 3. CJn. 

e, ,, Tiienc. (,«£> 240:, 520-t A hybridation "^-^^Sf^SSTEiS5 

probe contaiffig a thionucleotide is described in U.S. Patent No. 4.64 Acids 

1 S?a: p T,S™ 8 a,,eles in 45*^™ < gZ2£E?ZZ> 

synthesis v„ 

55 rrrPhZh^oro^-Tuse. eune/n rr «. ,;~ Zo M r 

391, 392, 394 DNA Synthesizers and 3) promotional ^ note for TETD/Aceton.tnie, 
M TETD:Antisense Phosphorothioate Synthesis Made Easy." 
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A process for amplifying, detecting and/or cloning nucleic acid sequences is disclosed in U.S. Patent 
Nos. 4,683,195, 4,683,202, 4,800,159, 4,965,188 and 5,008,182. Sequence polymerization by polymerase 
chain reaction is described by Saiki, et al., (1986) Science , 230: 1350-1354. Primer-directed enzymatic 
amplification of DNA with a thermostable DNA polymerase is~described by Saiki, et al., Science (1988) 
5 239:487. 

Amplification of nucleic acid sequences using oligonucleotides of random sequence as primers is 
described in U.S. Patent No. 5,043,272. The use of phosphorothioate primers in PCR amplification is 
described in just published Nucleic Acid Research, Vol 20, No. 14, 3551-3554, 1992. 

io SUMMARY OF THE INVENTION 

In one embodiment of the present invention a method is described for forming from an extender probe 
and a single stranded target polynucleotide sequence a single stranded polynucleotide sequence, which is 
free of unmodified extender probe, having a sequence identical to the target polynucleotide sequence 

75 attached at its 3'-end to a polynucleotide sequence complementary to a polynucleotide sequence at the 5*- 
end of the single stranded target polynucleotide sequence. The method comprises: (a) hybridizing to the 3'- 
end of the single stranded target polynucleotide sequence the 3*-end of the extender probe wherein the 
extender probe contains a sequence substantially identical to a sequence S2 at the 5'-end of the target 
polynucleotide sequence, (b) extending the extender probe along the single stranded target polynucleotide 

20 sequence, and (c) modifying the 3*-end of the extender probe not hybridized to the single stranded target 
polynucleotide sequence, (d) hybridizing a primer to the 3'-end of the extended extender probe, the primer 
having sequence S2 at its 3'-end and (e) extending the primer along the extended extender probe. 

The invention disclosed herein includes methods and reagents for extending an extender probe to form 
a single stranded polydeoxynucleotide having two segments that are non-contiguous and complementary 

25 with each other wherein extender probe not involved in such extension is modified at its 3'-end. The method 
finds particular application, for example, in single primer amplification assays. 

In one embodiment of the invention an extender probe is extended to produce a single stranded 
polydeoxynucleotide having two segments that are non-contiguous and complementary with each other. 
The method of production comprises the steps of (1) providing in combination (a) a polynucleotide having 

30 two non-contiguous, non-complementary nucleotide sequences, S1 and S2, wherein S2 is 5 f of S1 and is at 
least ten nucleotides long, (b) an extender probe comprised of two deoxynucleotide sequences, wherein the 
sequence at the 3' end of the extender probe (EP1) is hybridizable with S1 and the other of the 
deoxynucleotide sequences (EP2) is substantially identical to S2 and (c) means for modifying the 3*-end of 
the extender probe that does not hybridize with the polynucleotide and (d) extending the extender probe 

35 along the polynucleotide wherein extender probe not hybridized to the polynucleotide becomes modified at 
its 3'-end. 

In the above embodiment of the present invention a polydeoxynucleotide primer capable of hybridizing 
at least at its 3*-end with a nucleotide sequence complementary to S2, DNA polymerase, and deox- 
ynucleoside triphosphates are provided in the combination under conditions where (a) the extender probe is 

40 extended along the polynucleotide to form a duplex, (b) the 3'-end of the extender probe not hybridized 
with the polynucleotide is modified, (c) the extended extender probe is dissociated from the duplex, (d) the 
polydeoxynucleotide primer hybridizes with and is extended along the extended extender probe to form a 
second duplex comprising extended primer, (e) the extended primer is dissociated from the second duplex, 
and (f) the primer hybridizes with and is extended along the extended primer to form a duplex comprising 

45 extended primer, and steps (e) and (f) are repeated. 

Another embodiment of the invention is a method for forming a single stranded polynucleotide 
sequence complementary to a single stranded target polynucleotide sequence. The method comprises: (a) 
combining in a medium the single stranded target polynucleotide sequence, a DNA polymerase with 3' 
exonuclease activity, and an extender probe comprised of a sequence complementary to a sequence at the 

so 3*-end of the single stranded target polynucleotide sequence wherein the complementary extender probe 
sequence contains at least one thiophosphate and does not terminate at the 3' terminus of the extender 
probe, and (b) treating the medium to cause hybridization of the extender probe to the single stranded 
target polynucleotide sequence, extension of the extender probe along the single stranded target poly- 
nucleotide sequence, and degradation of the 3' terminus of the extender probe. 

55 In another embodiment the presence of a target polynucleotide sequence in a medium suspected of 

containing the target polynucleotide sequence is detected. The target polynucleotide sequence has two 
non-contiguous, non-hybridizable nucleotide sequences, S1 and S2, wherein S2 is 5* of S1 and at least 10 
nucleotides long. The method comprises the steps of: 

5 
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(a) providing in combination, either concomitantly or whoi.y or partia.lv 'sequentially. (1) .the & 
an extender probe having two deoxynucleotide sequences wherem the sequence at the 3 ^ end of ^ he 

the extended EP to fern, a second duplex comprise extended primer, E, the extended pnm.,^ 

dlLcieted trom the duplex, end (F) the p.im.r hybridizes „i.h and ,s 

primer to form a duplex comprising extended prime, and steps (E) and (F) are repeated, and 

contiguous, non-complementary nucleotide sequences, S1 and S2, wherein ^ is o 

s:=se-rcs:r^ 

along (extended extender probe) the target polynucleot.de se ^ uenc V P Vll NS S' the extended 

primer to form a duplex comprising extended primer, and steps (E) and (F) are repeatea, w 
(a) and (b) are performed concomitantly or wholly or partially sequentially, and 

analyte in a sample S usp«ted of containing the P*™ d «* ™ ^po^S^V»quenc. 
, <a> ,r.a,in 9 a medium ^"rL^JSSTCSi- -** - — 

IZZ^ZZZZ^^™* I, an P d S2 — S3 is * 0, St, and is a, feas, 

conditions wherein (A) the extender probe is '^^^^.Xo^^^o^eSS. 

primer to form a duplex comprising extended primer and steps (E) and (F) are repeated, where 
(a) and (b) are performed concomitantly or wholly or partially sequentially, and 
(c) examining for the presence of the extended primer. 
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The invention further includes kits comprising in packaged combination (a) a poiydeoxynucleotide 
extender probe having at its 3'-end a sequence (EP1) hybridizable with a first sequence in a target 
polynucleotide sequence and having a sequence (EP2) that is substantially identical to a second sequence 
of the target polynucleotide sequence, wherein in the target polynucleotide sequence the second sequence 
is 5' of, and non-contiguous with, the first sequence, (b) means for modifying the 3'-end of extender probe 
not hybridized with the target polynucleotide sequence, and (c) a poiydeoxynucleotide primer capable of 
hybridizing with a sequence that is complementary with the second sequence. 

Brief Description of the D rawings 

Figs. 1-8 are schematics of different embodiments in accordance with the present invention. 

Description of the Specific Embo diments 

The present method allows extension of an extender probe along single stranded (ss) target poly- 
nucleotide sequence to produce a single stranded polynucleotide having the capability of forming an 
intramolecularly base-paired structure wherein the 3'-end of extender probe not involved in the production of 
the single stranded polynucleotide is modified. The single stranded polynucleotide produced in this manner 
can have an intramolecularly base-paired structure, i.e., two segments that are non-contiguous and 
complementary with each other, sometimes referred to as an inverted repeat. The method has particular 
application in the area of single primer amplification described above, in which a target polynucleotide 
sequence in a sample is amplified when such target polynucleotide sequence has an inverted repeat or can 
be converted to such a structure. The present method provides a highly convenient method for converting a 
polynucleotide sequence of interest to a target polynucleotide sequence having an intramolecularly base- 
paired structure while minimizing the number of reagents and steps required. 

In its broadest aspect the present invention provides for production of a single stranded polynucleotide 
sequence having an inverted repeat that is formed from an extender probe, wherein all the extender probe 
not hybridized to a target polynucleotide sequence is modified at its 3'-end and is accordingly not present 
in unmodified form in the medium containing the newly formed single stranded polynucleotide. A target 
polynucleotide sequence is combined in a medium with an extender probe comprising (1) a sequence at 
the 3'-end of the extender probe that is complementary to a first sequence at the 3'-end of a target 
polynucleotide sequence within the target polynucleotide sequence and (2) a second sequence of the 
extender probe that is substantially identical to a second sequence of the target polynucleotide sequence, 
wherein each of said second sequences is 5' of each of said first sequences. The medium is treated to 
cause hybridization of the extender probe to the target polynucleotide sequence, along which the extender 
probe is extended, and to cause degradation of the 3'-end of the extender probe not hybridized to the target 
polynucleotide sequence. 

Before proceeding further with a description of the specific embodiments of the present invention, a 
number of terms will be defined. 

Polynucleotide analyte~a compound or composition to be measured that is a polymeric nucleotide, 
which in the intact natural state can have about 20 to 500,000 or more nucleotides and in an isolated state 
can have about 30 to 50,000 or more nucleotides, usually about 100 to 20,000 nucleotides, more frequently 
500 to 10,000 nucleotides. It is thus obvious that isolation of the analyte from the natural state often results 
in fragmentation. The polynucleotide analytes include nucleic acids from any source in purified or unpurified 
form including DNA (dsDNA and ssDNA) and RNA, including t-RNA, m-RNA, r-RNA, mitochondrial DNA and 
RNA, chloroplast DNA and RNA, DNA-RNA hybrids, or mixtures thereof, genes, chromosomes, plasmids, 
the genomes of biological material such as microorganisms, e.g., bacteria, yeasts, viruses, viroids, molds, 
fungi, plants, animals, humans, and fragments thereof, and the like. The polynucleotide analyte can be only 
a minor fraction of a complex mixture such as a biological sample. The analyte can be obtained from 
various biological material by procedures well known in the art. Some examples of such biological material 
by way of illustration and not limitation are disclosed in Table I below. 
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Table I 

Microorganisms of interest include: 

5 . ■ " " 



Corvnebacteria 
Corynebacterium diphtheria 

Pneumococci 
} Diplococcus pneumoniae 

stre ptococci 

Streptococcus pyrogenes 

Streptococcus salivarus 

gt-a phylococci 

Staphylococcus aureus 
5 staphylococcus albus 

Neisseria 

Neisseria meningitidis 
Neisseria gonorrhea 
Tgnterobact eiriaciae 
Escherichia coli 

-° Aerobacter aerogenes 

Klebsiella pneumoniae 
Salmonella typhosa 
Salmonella choleraesurs 
Salmonella typhimurium 
Shigella dysenteria 

25 Shigella schmitzii 

Shigella arabinotarda 

Shigella flexneri 
Shigella boydii 
Shigella sonnei 

30 



35 



40 



45 



50 



55 



8 



BNSDOC1D- <EP 05491 07A1_I_> 



The collifojrm 
bacteria 

The Salmonellae 
The Shigellae 
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Other enteric bacilli 
Proteus vulgaris 
Proteus mirabilis 
Proteus morgani 
Pseudomonas aeruginosa 
Alcaligenes faecal is 
vibrio cholerae 
Hemophilus-Bordetella group 
Hemophilus influenza, H. ducryi 
Hemoph i 1 u s hemoph i 1 u s 
Hemoph i lu s aegypt icu s 
Hemophilus parainfluenza 
Bordetella pertussis 
Pasteurellae 
Pasteurella pestis 
Pasteurella tulareusis 
Brucellae 

Brucella melitensis 
Brucella abortus 
Brucella suis 



Proteus species 



Rhizopus oryzae 

Rhizopus arrhizua Phycomycetes 
Rhizopus nigricans 
Sporotrichum schenkii 
Flonsecaea pedrosoi 
Fonsecacea compact 
Fonsecacea dermatidis 
Cladosporium carrionii 
Phialophora verrucosa 
Aspergillus nidulans 
Madurella mycetomi 
Madurella grisea 
Allescheria boydii 



Aerobic Spore-f orminq Bacilli 
Bacillus anthracis 
Bacillus subtilis 
Bacillus megaterium 
Bacillus cereus 

Anaerobic Spore-f orminq Bacilli 
Clostridium botulinum 
Clostridium tetani 
Clostridium perfringens 
Clostridium novyi 
Clostridium septicum 
Clostridium histolyt icum 
Clostridium tertium 
Clostridium bifermentans 
Clostridium sporogenes 
Mycobacteria 

Mycobacterium tuberculosis 
hominis 

Mycobacterium bovis 
Mycobacterium avium 
Mycobacterium leprae 
Mycobacterium paratuberculoeis 
Act inomvcetes (fungus-like bacteria 
Actinomyces Isaeli 
Actinomyces bovis 
Actinomyces naeslundii 
Nocardia asteroides 
Nocardia brasiliensis 
The Spirochetes 
Treponema pallidum 
Treponema pertenue 



Spirillum minus 
Streptobacillus 
monoilif ormis 



Treponema carateum 
Borrelia recurrent is 
Leptospira icterohemorrhagiae 
Leptospira canicola 
Trypa n a some s 
Mycoplasmas 
Mycoplasma pneumoniae 



Phialophora jeanselmei 
Microsporum gypseum 
Trichophyton mentagrophytes 
Keratinomyces ajelloi 
Microsporum canis 
Trichophyton rubrum 
Microsporum adouini 
Viruses 
Adenoviruses 
Herpes Viruses 
Herpes simplex 
Varicella (Chicken pox) 
Herpes Zoster (Shingles) 
Virus B 

Cytomegalovirus 
Pox Viruses 
Variola (smallpox) 

Vaccinia 
Poxvirus bovis 
Paravaccinia 
Molluscum contagiosum 
) Picornaviruses 
Poliovirus 
Coxsackievirus 
Echo viruses 
Rhinovi ruses 
Myxoviruses 
Influenza(A, B, and C) 
Parainfluenza (1-4) 
Mumps Virus 

Newcastle Disease Virus 

Measles Virus 

Rinderpest Virus 

Canine Distemper Virus 

Respiratory Syncytial Virus 

Rubella Virus 

Arboviruses 
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20 



25 



30 



35 



40 



45 



50 



Other pathogens 
Virus 

Listeria monocytogenes 
Virus 

EryBipelothrix rhusiopathiae 
Streptobacillus monilif ormis 
Donvania granulomatis 
Bartonella bacillif ormis 
Rickettsiae (bacteria-like 

parasites) 
Rickettsia prowazekn 
Rickettsia mooseri 
Rickettsia rickettsii 
Rickettsia conori 
Rickettsia australis 
Rickettsia sibiricus 

Rickettsia akari 
(HIV) 

Rickettsia tsutsugamushi 

Rickettsia burnetti 
Rickettsia quintana 



Eastern Equine Eucephalitis 
Western Equine Eucephalitis 

Sindbis Virus 
Chikugunya Virus 
Semliki Forest Virus 
Mayora Virus 

St! Louis Encephalitis Virus 

California Encephalitis Virus 

Colorado Tick Fever Virus 

Yellow Fever Virus 

Dengue Virus 

p^oviruses 

Reovirus Types 1-3 

pot* rnviruflee 

Human Immunodeficiency Viruses 

Human T-cell Lymphotrophic 

Virus I & II (HTLV) 
Hepatitis 
Hepatitis A Virus 



Rickettsia quintana naraa ites Hepatitis B Virus 

Chlamydia (unclassif lable parasites Hep nonA - no - 



Hepatitis nonA-nonB Virus 
Tumor Viruses 
RauBcher Leukemia Virus 
Gross Virus 

Maloney Leukemia Virus 



Human Papilloma Virus 
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bacterial/viral) 
Chlamydia agents (naming uncertain) 

Fungi 

Cryptococcus neoformans 
Blastomyces dermatidis 
Hisoplasma capsulatum 
Coccidioides immitis 
Paracoccidioides braBiliensis 
Candida albicans 

SSffSS.SS'cSIidi. cetera) 

The polynucleotide ana.yte, where appropriate, may be treated tc , c^ve ^^^^Zl 
fragment that contains a target polynucleotide ^^^^.^^^l an advantage of the 
restriction endonuclease or other site spec.f.c ^^^^^id « w , t hout further c.eavage. 
present invention that the polynucleot.de analyte car be used s0, * *° nX obtained {rom the 

10 minutes to produce denatured mater,a ' c nucleotides to be identified, usually existing within a 

Target polynucleotide sequence -- a sequence of nu ™™™l™ sufficie nt to allow preparation of an 
po.ynucleotide analyte, the identity of which .s ^™ sequence, 
extender probe polydeoxynucleotide that ™" h ^™^l?*^£l at , ea st 15. frequently 20 to 
usually at least a ten nucleotide segment at ^J^J^^SSX^ substantial* identica. 
50 nucleotide segment thereof and that comp r.ses at Jtoartj ten ™f« J ^-complementary 
to the 5'-end thereof. The target P°*"f^.|£E*£ a t re S Portion capable of hybridizing to an 
nucleotide sequences. S1 and S2 one of wh.ch (S ^ « po.ynuc.eotide sequence usually will 

extender probe polydeoxynuc.eot.de where.n 82 .s 5 of si. The target p y Qtjdes Jhe ^ non . 

contain from about 30 to 5,000 or more • ™ cleo f ^ ? re er * b * *° °f e rab.y contain from 10 to 100 
contiguous, non-comp.ementary ^fJ^^'pSer^ atast 100, usual.y 200 to 10,000. 
nucleotides each and are separated by at ' e ^" b ^ S 'J^r po.ynuc.eotide ana.yte. The target po.y- 
One target polynucleotide sequence .s fre quent.y a part of ^h > poly substant ially the entire 
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than about 1.6 log L nucleotides where L is the number of base pairs in the genome of the biologic source 
of the sample. The maximum number of nucleotides in the target sequence will normally be governed by 
the length of the polynucleotide anatyte and its tendency to be broken by shearing, or other processes 
during isolation and any procedures required to prepare the sample for assay and the efficiency of 
5 detection and/or amplification of the sequence. 

Single stranded polydeoxynucleotide sequence -- a sequence of deoxynucleotides that is formed as a 
result of the present invention. It will normally be comprised at least of two segments or flanking sequences 
that are non-contiguous and complementary with each other. It may also contain one or more sequences 
which, when bound to their complementary sequences, are specific binding sites for receptors such as 
10 repressors, restriction enzymes, and the like. The first and second segments or flanking sequences are at 
the 3'-end and 5 T -end, respectively, of the single stranded polynucleotide sequence and each comprises at 
least ten, preferably at least 15, deoxynucleotides, and/or derivatives thereof. 

The single stranded polydeoxynucleotide sequence will usually contain from 30 to 10,000 deox- 
ynucleotides, preferably 100 to 2,000 deoxynucleotides, more preferably 500 to 5,000 deoxynucleotides. 
75 When the single stranded polydeoxynucleotide sequence is hybridized with a complementary strand, each 
end will have a member of a pair of inverted repeats. 

Polydeoxynucleotide primer - a polydeoxynucleotide, usually a synthetic deoxynucleotide that is single 
stranded, containing a sequence at its 3 T -end that is identical with the sequence S2 or hybridizable with a 
nucleotide sequence complementary with the sequence S2 of the target polynucleotide sequence. Normally 
20 the polydeoxynucleotide primer will have at least 90%, preferably 100%, of the same basic sequence as the 
second nucleotide sequence EP2 of the extender probe. The number of deoxynucleotides in the hybridiza- 
ble sequence of polydeoxynucleotide primer should be such that stringency conditions used to hybridize 
the polydeoxynucleotide primer will prevent excessive random non-specific hybridization. Usually, the 
number of deoxynucleotides in the polydeoxynucleotide primer will be at least as great as in the S2 
25 sequence of the target polynucleotide sequence, namely, at least ten deoxynucleotides, preferably at least 
15 deoxynucleotides and generally from about 10 to 200, preferably 20 to 50, deoxynucleotides. 

Deoxynucleoside triphosphates a deoxynucleoside having a 5'-triphosphate substituent. The deox- 
ynucleosides are pentose sugar derivatives of nitrogenous bases of either purine or pyrimidine derivation, 
covalently bonded to the T-carbon of the pentose sugar. The purine bases include adenine(A), guanine(G), 
30 inosine, and derivatives and analogs thereof. The pyrimidine bases include cytosine (C), thymine (T), uracil 
(U), and derivatives and analogs thereof. 

The derivatives and analogs are exemplified by those that are recognized and polymerized in a similar 
manner to the underivitized nucleoside triphosphates. Examples of such derivatives or analogs by way of 
illustration and not limitation are those which are modified with a reporter group, biotinylated, amine 
35 modified, radiolabeled, alkylated, and the like and also include phosphorothioate, phosphite, ring atom 
modified derivatives, and the like. The reporter group can be a fluorescent group such as fluoroscein, a 
chemiluminescent group such as luminol, a terbium chelator such as N-(hydroxyethyl) 
ethylenediaminetriacetic acid that is capable of detection by delayed fluorescence, and the like. 

Polydeoxynucleotide polymerase « a catalyst, usually an enzyme, for forming an extension of the 
40 polydeoxynucleotide primer along a DNA template including the single stranded polydeoxynucleotide where 
the extension is complementary thereto. The polydeoxynucleotide polymerase is a template dependent 
polydeoxynucleotide polymerase and utilizes the deoxynucleoside triphosphates as building blocks for 
extending the 3*-end of the polydeoxynucleotide primer to provide a sequence complementary with the 
single stranded polydeoxynucleotide sequence. Usually, the catalysts are enzymes, such DNA polymerases 
45 such as, for example, prokaryotic DNA polymerase (I, II, or III), T4 DNA polymerase, T7 DNA polymerase, 
Klenow fragment, reverse transcriptase, and the like, derived from any source such as cells, bacteria, such 
as I plants, animals, virus, thermophilic bacteria, and so forth. Where the polynucleotide or target 

polynucleotide sequence is RNA, reverse transcriptase would be included to facilitate extension of the 
extender probe along the polynucleotide or target polynucleotide sequence. 
50 Wholly or partially sequentially -- when the sample and various agents utilized in the present invention 
are combined other than concomitantly (simultaneously), one or more may be combined with one or more 
of the remaining agents to form a subcombination. Each subcombination can then be subjected to one or 
more steps of the present method. Thus, each of the subcombinations can be incubated under conditions to 
achieve one or more of the desired results. 
55 Hybridization (hybridizing) and binding-in the context of nucleotide sequences these terms are used 

interchangeably herein. The ability of two nucleotide sequences to hybridize with each other is based on the 
degree of complementarity of the two nucleotide sequences, which in turn is based on the fraction of 
matched complementary nucleotide parrs. The more nucleotides in a given sequence that are complemen- 
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can each hybridize to the same polynuc.eot.de se ^- ^ 

Complem.nt.ry~Two sequences ar. complementary «h -n _the J^"«£ £ 5 , end o1 

sequences of nucleotides, one of f^' ^Je d «.x»nucl.o«oes and capable of 

^^^^ - ■ — * 

c,oJ,7o™^~^ 

"""ft. second polynucleotide sequence o, the — ^"^ri^ 

, located between EP1 and EP2 or at the end of EP2. 1Q nucleotides 

^SrCSSSS: are considered ,o be caucus ^ there are no nuclides between two 
, segments or behveen t»o sequences of a P*""* 01 ^ hnmolooous copy of a single stranded 

pol^u^ 

tioned complementary sequence. extendable 3'-terminus can be 

Means for extending an extender prob e--an extende ' P °be as a t polynucleo tide 

extended by combining the extender probe ^"f^ under conditions for 

,5 sequence, with a polydeoxynuc.eot.de polymerase and ^^^^^ po , y „ U cleotide to form 

'"""Means ,0, ...ending , pr,m.,~a pclydeoxynucfeotlde pjmj, =9 » --^J— w,^ 
^^^^^ 



50 



55 
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structure or inverted repeat are utilized. Such polynucleotide is either present in a sample or is created in 
response to the presence of a polynucleotide analyte. An extender probe is utilized to create such a 
polynucleotide by virtue of binding to a target polynucleotide, along which the extender probe is extended 
Since the concentration of polynucleotide analyte is generally low and unknown, there are molecules of 
extender probe that do not hybridize with the target polynucleotide sequence. These molecules of extender 
probe are undesirable because they might result in competing processes, which reduce the efficiency of 
single pr.mer amplification. By employing appropriate means the 3'-end of extender probe not bound to a 
target polynucleotide sequence can be modified such that it can no longer be extended along the target 
polynucleotide sequence in the presence of deoxynucleoside triphosphates and DNA polymerase. 

One way in which the 3'-end of the extender probe can be modified is by degradation. For example an 
enzyme such as an 3'-exonuclease can be added to the reaction medium. Under certain conditions such an 
enzyme degrades the 3'-end of single stranded polynucleotides. Examples of such exonuclease enzymes 
by way of illustration and not limitation, are Klenow fragment, T4 polymerase, and T7 polymerase. In one 
approach, the polydeoxynucleotide polymerase, such as DNA polymerase, utilized for the extension of the 
extender probe has exonuclease activity. Exemplary of such DNA polymerases are Klenow, T4 and T7 DNA 
polymerases. 

In another embodiment the 3'-end of the extender probe is extended along a scavenger polynucleotide 
that has a sequence NS at other than its 5'-end, said sequence being hybridizable with the 3"-end of the 
extender probe. When the 3'-terminus of the extender probe and the scavenger polynucleotide sequence 
are hybridized, the 3'-end of the extender probe can be extended along the scavenger polynucleotide 
sequence in the presence of polydeoxynucleotide polymerase and deoxynucleoside triphosphates This 
process results in modification of the 3'-end of the extender probe, thereby rendering the extender probe 
incapable of extension along the target polynucleotide sequence or its complement during single primer 
amplification. The scavenger polynucleotide sequence is, generally, 8 to 1,000 or more nucleotides 
preferably 10 to 50 nucleotides, in length and may be part of the extender probe or a molecule separate 
from the extender probe. When the scavenger polynucleotide sequence is part of the extender probe it 
may be 3' or 5' of the sequence EP2 of the extender probe. Enzymes that can be utilized in this chain 
extension are commercially available thermophilic nucleotide polymerases such as, by way of example and 
not limitation, Taq, Vent, Hot Tub and the like. 

Member of a specific binding pair ("sbp member")~one of two different molecules, having an area on 
the surface or in a cavity which specifically binds to and is thereby defined as complementary with a 
particular spatial and polar organization of the other molecule. The members of the specific binding pair are 
referred to as hgand and receptor (antiligand). These may be members of an immunological pair such as 
antigen-antibody, or may be operator-repressor, nuclease-nucleotide, biotin-avidin, hormones-hormone 
receptors, nucleic acid duplexes, IgG-protein A, DNA-DNA, DNA-RNA, and the like. 
Ligand~any compound for which a receptor naturally exists or can be prepared. 

Receptor Cantiligand")~any compound or composition capable of recognizing a particular spatial and 
polar organization of a molecule, e.g., epitopic or determinant site. Illustrative receptors include naturally 
occurring receptors, e.g., thyroxine binding globulin, antibodies, enzymes, Fab fragments, lectins, nucleic 
acids, repressors, protection enzymes, protein A, complement component Clg, DNA binding proteins or 
ligands and the like. 

Small organic molecule-a compound of molecular weight less than 1500, preferably 100 to 1000, more 
preferably 300 to 600 such as biotin, fluorescein, rhodamine and other dyes, tetracycline and other protein 
binding molecules, and haptens, etc. The small organic molecule can provide a means for attachment of a 
nucleotide sequence to a label or to a support. 

Support or surface-a porous or non-porous water insoluble material. The support can be hydrophilic or 
capable of being rendered hydrophilic and includes inorganic powders such as silica, magnesium sulfate 
and alumina; natural polymeric materials, particularly cellulosic materials and materials derived from 
cellulose, such as fiber containing papers, e.g.. filter paper, chromatographic paper, etc.; synthetic or 
modified naturally occurring polymers, such as nitrocellulose, cellulose acetate, poly (vinyl chloride), 
polyacrylamide, cross linked dextran, agarose, polyacrylate, polyethylene, polypropylene, poly(4-methyl- 
butene), polystyrene, polymethacrylate, polyethylene terephthalate), nylon, polyvinyl butyrate), etc.; either 
used by themselves or in conjunction with other materials; glass available as Bioglass, ceramics, metals, 
and the like. Natural or synthetic assemblies such as liposomes, phospholipid vesicles, and cells can also 
be employed. 

Binding of sbp members to the support or surface may be accomplished by well-known techniques 
commonly ava.lable in the literature. See, for example, "Immobilized Enzymes," Ichiro Chibata Halsted 
Press, New York (1978) and Cuatrecasas, J. Biol. Chem. , 245:3059 (1970). The surface can have any one of 
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a number of shapes, such as strip, rod, particle, "^^^^J producir , g system. Usually the 
Label or reporter group or reporter ^^^^J^^^^,^^^ probe or a 
label or reporter group or molecule .s conjugated to or .becomes ^ » P * bjndj 
polynucleotide primer and is capa^e mo, being ^f^l^Ler or P specific po.y- 
reaction, and can produce a detectible signal. Labels ^ y Hgand such as for a 

nucleotide sequence that can provide a template for amp .f.cal.on or hga ton act ^ 9 |n 
pressor protein. Preferably, the ^^cT^opte. usually non- 

genera., any label that '» ^J^lZ^e coding for a catalyst, promoter, dye, 

isotopic, and can be a catalyst, such as an enzyme, c P y radioactive qroup, a small organic 

fiuorescent molecule, chemiluminescer, coenzyme, ^•J^^^T^bSn particle, metal so., 
molecule, amp.ifiab.e pjy™^-^ ^* ^JElU a dye" cata.yst or other 
SSE rrandtl' £ a sigr, jojj* ^ 

lei:: complementary to an sbp member that is bound to a nuclide sequence^ ^ ^ 

Signal Producing System-The signal a signal that 

one component being the labe. or reporter f^Z^STsZTncs or a polynucleotide ana.yte in a 
relates to the presence or amount of target ^^^JT^Sea^to produce a measurable signa.. 

, sample. The signal producing system includes all of the n ^ a9 t ^^/ b ^^ re norma P lly bound t0 an sbp member 
When the label is not conjugated to a nucleotide sequence, the ^ cornpone nts of 

complementary to an sbp member that is bounc Ho or P^evefoper so utTon Ind can include substrates, 
the signa. producing system may be .nclude I in ^^J^ scawengers , metal ions, specific 
enhancers, activators, chemi.um.nescent co m P°» n *;^^^^ and the ,j ke . Other components of 

5 binding substances required for binding of signal ^^^^^^^ enzymic products, other 
the signa! producing system may be ^^Y^^^ 

enzymes and catalysts, and the like. The s.gnal ^^^^^^ signal-producing system 
Tde^r morl tZ^^^^^ »* "~ - *» " ™ " 

with the present invention. For example buffers *»^^%^^^^aS to these additives, 
stabilizers for the assay medium and the assay components. quaternary ammonium 

40 modified at its 3'-end. c^matirallv in Fiq 1 EP1, located at the 3'-end of the 

One embodiment of the method ,s depicted schematic^ in Hg^ ^ . scavenger 

extender probe, hybridizes with ^^^^^^^ ^ ^ te 
polynucleotide conta.ning sequence NS. EP2 is homologous wu. complementary to S2. B 

8 to 100, more preferably 8 to 30, nucleotides in length. embo diment the extender probe 

Another embodiment of the invent.on .s depicted in F,g^ 2. In .this > emboa ^ . g 

contains not on.y EP1 and EP2, but also < ^ hyb iLs wtth Si of the target 

homologous to 81. EP1. p^pSTh^otogou. with 82. The extender 

polynucleotide sequence and with NS of the extender P r °° e conta ininq a sequence S'2, which is 

extender probe E. wherein EP1 is no longer located at a 3'-end. 
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Another alternate embodiment is shown in Fig. 3, the sequence NS is contained in the extender probe 
5* of EP2. Hybridization and extension of the extender probe with the target polynucleotide sequence and 
with itself take place as described above for the embodiment of Fig. 2. 

In another alternative embodiment of the present invention as depicted in Fig. 4, EP1 of the extender 
5 probe hybridizes with S1 of the target polynucleotide sequence. The extender probe is extended along A to 
produce extended extender probe B as described above for the embodiment of Fig. 1. Present in the 
reaction mixture is an exonuclease having 3' activity, which degrades extender probe not hybridized with A 
to an extent sufficient to destroy its ability to hybridize at its 3'-end with Si. 

A variation of the embodiment of Fig. 4 is shown in Fig. 5. The extender probe contains not only EP1 
io and EP2 but also contains EP3, which is a sequence capable of hybridizing with EP2 and is preferably 
complementary with at least the 3'-end of EP2. EP1 of the extender probe hybridizes with S1 of the target 
polynucleotide sequence. Extended extender probe B is formed as described above for the embodiment of 
Fig. 4. The exonuclease degrades extender probe not bound to the target polynucleotide sequence back to 
its double strand formed by the hybridization of EP3 and EP2. The extender probe, in this embodiment, is 
75 designed such that its degradation removes at least EP1 . Preferably, EP2 is about 5 to 50, more preferably, 
8 to 30, nucleotides in length. The variant provides the option to use the degraded extender probe as a 
primer in a subsequent step in which EP2 of the degraded extender probe binds to S2 of the extended 
extender probe and extends along the extended extender probe. 

The methods find use in single primer amplification wherein one or more copies of a target poly- 
20 nucleotide sequence, i.e., sequences identical to the target polynucleotide sequence, are formed free of any 
extender probe. Extender probe is hybridized to a target polynucleotide sequence and is extended as 
described above. Extender probe not bound to the target is modified at its 3'-end in any of the 
embodiments mentioned above. A polydeoxynucleotide primer is then hybridized at least at its 3*-end with a 
nucleotide sequence complementary to S2 under conditions where (1) the extended extender probe is 
25 rendered single stranded, (2) the polydeoxynucleotide primer hybridizes with and is extended along the 
extended extender probe to form a duplex comprising extended primer, which contains a sequence identical 
to the target polynucleotide sequence. Preferably, the concentration of the extender probe is substantially 
lower than that of the polydeoxynucleotide primer. By "substantially lower" is meant that the concentration 
of extender probe relative to primer is at least 1 to 10, usually 1 to 100 or more. Preferably, the 
30 concentration of the extender probe is less than one percent that of the polydeoxynucleotide primer. 
The use of the present method in single primer amplification is depicted in Fig. 6. 

Polydeoxynucleotide primer P has a sequence at its 3'-end (S"2) that hybridizes with S r 2, wherein S f 2 
is complementary to S2 of the target polynucleotide sequence. Preferably, S"2 is a sequence identical to 
S2. P can also comprise a label W. P is hybridized with and extended along extended extender probe B 

35 (Fig. 1), D (Fig. 2) or F (Fig. 3), (which has been dissociated from its duplex) to form extended primer H 
comprising sequences S"2 and S M, 2, S ,M 2 is complementary to EP2 and preferably identical to S'2. B, D or 
F and H are dissociated and P hybridizes with S'"2 of H and S'2 of B, D or F and P is extended along B, D 
or F and H to yield H and H\ respectively. H 1 has complementary sequences S'2 and S"2. The duplexes 
are dissociated and P is hybridized with and extended along H 1 and H to yield H 1 and H 2 . Further repetition 

40 results in multiple copies of FT and H 2 , which can be detected because of the presence of label W. 

In one embodiment of the invention the present method can be utilized to modify the 3'-end of the 
extender probe and form the polydeoxynucleotide primer in situ. This embodiment is depicted in Fig. 7. The 
extender probe contains EP1 and EP2, wherein EP2 is equivalent to primer sequence S"2 and optionally 
may contain a label W. EP1 of the extender probe hybridizes with S1 of the target polynucleotide sequence 

45 and with a sequence within a scavenger polynucleotide, NS3, which is complementary with at least a 
portion of EP2. S2 is homologous with EP2. The extender probe is extended along A to produce an 
extended extender probe B containing sequence S'2, which is complementary to S2. B now contains EP2 
and S'2, which are hybridizable with each other. Extender probe hybridized to NS3 is degraded by an 
exonuclease having 3' activity, which is added to the reaction medium. The extender probe is constructed 

50 such that its degradation produces polydeoxynucleotide primer P, which is utilized in single primer 
amplification. Accordingly, NS3 hybridizes with EP2, at least at its 3'-end, so that EP1 is degraded by the 
exonuclease leaving EP2 at the 3'-end of the remaining polynucleotide. Reaction conditions are chosen 
such that further degradation is impeded by the presence of a double strand formed by NS3 hybridized to 
EP2. 

55 Another convenient approach to control degradation of the extender probe so as to produce the 
polydeoxynucleotide primer in situ is depicted in Fig. 8. It involves the use of a 3 f -exonuclease and one or 
more phosphorothioate diesters (indicated in Fig. 8 by - S) in place of phosphate diesters between the 
ultimate and penultimate nucleosides at the 3*-end of EP2. Degradation of extender probe that is not bound 
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to the target po.ynucleotide sequence will stop at Z ^ST. 

described embodiments is fo.lowed and the following steps ^^J^J^^ » Lm a 
ynucleotide primer is caused to hybridize w,* and exte ^^^.S^sSl-Bd from the second 
second duplex comprising extended pnmer and ^^^^pcn the primer also is hybridized 
duplex. Normally this process will be repeated at least three '™ es P extended primer which is 

with and is extended along the extended pnmer to form • the e P xtender probe 

thereupon dissociated. Preferably, at least a Wtoen .^^^ a ° least . fifteen deox- 

hvbridizes with S1. Preferably, also, the polydeoxynucleotide primer contains at .ea 
JnucLide secuence S"2 capable of hybridizing with ,. -^J^nS^'. The method has 
Preferably, S1 and S2 each respectively contain from 10 to 100 ™ c »™~ deQX . 
application where the target polynucleotide sequence "^""ZoLTcanZ for example, a 
ynucleotide primer is labeled with a reporter molecule. The ^porter molecule an 
detectable group or a binder such byLns . a 

■ homologous or complementary to a portion of the target ^Me^eoc^ ^ther th S orJS* 

nucleotide sequence is ^ probe does not provide a 

> sequence complementary to S2 is included when moamw . polymerases are also corn- 

primer. Deoxynuc.eoside triphosphates and ^^^^^S^eil is extended a.ong the 
bined. Conditions are chosen such that (1) the extender prone is y nybridized with the target 

target polynucleotide «^ rf ^ a J^^ from the duplex, (4) 

polynucleotide sequence is modified, (3) the extended ex tenae p second duplex 

5 The primer hybridizes with and is extended along the ^ m ^J^"^ " ° and (6) tne prim er 
composing extended primer, (5) the extended pnmer - * s ^^ p'nmer. 
hybridizes with and is extended along said con comiSy or'wnoMy or partially 

Steps (5) and (6) are repeated !^.^&^™™j£eL of the extended primer, the presence 
sequentially. Then, an examination is conducted for the Presence oi _i repe ated a least three 

„ thereof indicating the presence of the 5*r££££ less than 30. 

times, preferably, at least 10 times; usually l'^^^ , ^^ t ^ an accurate detection of 

- ~nuc .eotide polymerase 

. C0 T^^^^ the single stranc -J—™ 

so about 30 weight percent. usually in the range of 



16 



BNSDOCID <EP, 05491 07A1J_> 



EP 0 549 107 A1 



optimizing the speed, efficiency, and specificity of these steps depending on whether it is desired to 
perform the above steps performed sequentially or simultaneously. Various buffers may be used to achieve 
the desired pH and maintain the pH during the determination. Illustrative buffers include borate, phosphate, 
carbonate, Tris, barbital and the like. The particular buffer employed is not critical to this invention but in 
individual methods one buffer may be preferred over another. 

Moderate temperatures are normally employed for carrying out the method. Normally, in conducting the 
method the medium will be cycled between two or three temperatures. The temperatures for the method 
will generally range from about 10 to 105° C, more usually from about 40 to 99 *C, preferably 50 to 98 "C. 
The exact temperatures can be varied depending on the salt concentration, pH, solvents used, length of the 
target and S1 and S2 sequences and composition of the target polynucleotide sequence and the primer. 
Relatively low temperatures of from about 30 to 65 - C can be employed for the extension steps, while 
denaturation and hybridization can be carried out at a temperature of from about 50 to 105'C. Degradation 
of the 3'-end of the extender probe by an exonuclease is usually conducted at a temperature of about 15 to 
100 * C, preferably 20 to 50 * C. 

The time period for carrying out the modification of the 3'-end of the extender probe not hybridized to a 
target polynucleotide sequence will generally be about 0.5 to 30 minutes, preferably 1 to 20 minutes. Where 
the present method is utilized in single primer amplification, the method is conducted for a time sufficient to 
achieve a desired number of copies of the extended primer or a sequence complementary thereto. This, in 
turn, depends on the purpose for which the amplification is conducted, such as, for example, an assay for a 
polynucleotide analyte. Generally, the time period for conducting the method will be from about 1 to 10 
minutes per cycle and any number of cycles can be used from 1 to as high as 200 or more, usually 5 to 80, 
frequently 10-60. As a matter of convenience it will usually be desirable to minimize the time period and the 
number of cycles. In general, the time period for a given degree of amplification can be shortened, for 
example, by selecting concentrations of nucleoside triphosphates sufficient to saturate the polynucleotide 
polymerase and by increasing the concentrations of polynucleotide polymerase and polynucleotide primer. 
Generally, the time period for conducting the method will be from about 5 to 200 minutes. As a matter of 
convenience, it will usually be desirable to minimize the time period. 

The above conditions may also be chosen for forming a target polynucleotide sequence from a 
polynucleotide analyte. 

The amount of reagents for modifying the 3'-end of the extender probe varies depending on the 
particular means for achieving the modification. In the situation wherein modification involves extension of 
the 3'-end of the extender probe, the concentration of the template dependent polynucleotide polymerase 
and the deoxynucleotide triphosphates will generally be equal or more than that described below for the 
amplification and may require a different enzyme. The concentration of reagents utilized for the extension of 
the extender probe along the target polynucleotide sequence and amplification will be sufficient to extend 
the extender probe not bound to the target polynucleotide sequence. The concentration of any scavenger 
polynucleotide sequence will generally be at least as great as the concentration of extender probe and 
usually at least 10-fold higher. 

Where modification of the extender probe is accomplished by means of a 3' exonuclease, the 
concentration of the exonuclease is selected to degrade the extender probe to the desired extent in a 
practical time period such as 0.5-20 minutes. Preferably, the template dependent polynucleotide poly- 
merase will also have 3' exonuclease activity, and, thus, the concentration of this polymerase will be chosen 
to be sufficient to accomplish chain extension and degradation. Usually, when the 3'-end of the extender 
probe is to be completely degraded, the magnesium ion concentration in the initial enzyme reaction is kept 
low (less than 4mM, for example) and the pH remains high (greater than 8.0, for example). 

The concentration of the extender probe, as mentioned above, can be substantially less than that of the 
primer. Preferably, the extender probe concentration is less than one percent of that of the primer, more 
preferably less than 0.1% that of the primer usually the extender probe concentration will be less than 1 
nmolar, frequently less than 0.1 nmolar (nM) whereas the primer concentration will usually be greater than 
10 nmolar, usually at least 100 nmolar. Preferably, the concentration of primer is greater than 100 nM while 
that of the extender probe is less than 1 nM. 

The amount of the target polynucleotide sequence which is to be copied can be as low as one or two 
molecules in a sample but will generally vary from about 10 2 to 10 10 , more usually from about 10 3 to 10 s 
molecules in a sample preferably at least 10" 21 M in the sample and may be 10~ 10 to 10~ 19 M, more usually 
10 14 to 10 19 M. The amount of the polydeoxynucleotide primer will be at least as great as the number of 
copies desired and will usually be 10" 13 to 10" 8 moles per sample, where the sample is 1-1,000 uL. 
Usually, the primer will be present in at least 10" 9 M, preferably 10" 7 M, and more preferably at least about 
10 6 M. Preferably, the concentration of the polynucleotide primer is substantially in excess over, preferably 
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or sequential orders of addition, may be employed. ^ nH itinn< ! for the method are governed 

""*?„ carrying ou, ,he mothod o, the invention as appliod to *e do.ec.iono, a poly „„c,co.ide ««*.. 
considerations as to media. pH. temperature, and times can bo as ^escnb concentrafc „ 

- ran^sT^ 

^P^dedp^^ 

pair, intercalation dye and the like. notation ran be tound in U.S. Patent 

. ^-r^rranraotoction « - d ~ ss« o r5S£: 

07/299 282 and 07/399,795 filed January 19, 1989, and August 29, 1989, respect.vely, 

^^ZttSSXSZS «-* - ~ b s can be used 
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modified bases during the synthesis step. Furthermore, chemical synthesis is very flexible in the choice of 
length and region of the target polynucleotide binding sequence. The extender probe, poly deoxy nucleotide 
primer and other polynucleotides can be synthesized by standard methods such as those used in 
commercial automated nucleic acid synthesizers. Chemical synthesis of DNA on a suitably modified glass 
or resin can result in DNA covalently attached to the surface. This may offer advantages in washing and 
sample handl.ng. For longer sequences standard replication methods employed in molecular biology can be 
used such as the use of M13 for single stranded DNA as described by J. Messing (1983) Methods 

Enzymol, 101, 20-78. 

Other methods of oligonucleotide synthesis include phosphotriester and phosphodiester methods 
(Narang et_al. (1979) Meth. Enzymol 68: 90) and synthesis on a support (Beaucage, et al (1981) 
Tetrahedron Letters 22: 1859-1862) as well as phosphoramidate technique, Caruthers, M H et al 
"Methods in Enzymology," Vol. 154, pp. 287-314 (1988), and others described in "Synthesis and Applica- 
tions of DNA and RNA," S.A. Narang. editor, Academic Press, New York, 1987, and the references 
contained therein. 

Extender probes containing at least one phosphorothioate diester can be prepared according to known 
techniques. Oligonucleotide synthesis can be carried out as described above up to the point where 
introduction of the phosphorothioate diester is desired. The phosphorothioate diester can be introduced in a 
number of ways such as, for example, oxidations utilizing a thiolating reagent such as a diacyldisulfide or 
tetraethyl thiuram disulfide, which are commercially available. The remaining nucleotides are then intro- 
duced. Other methods of preparing phosphorothioate containing polynucleotides are described in 
WO9008838, W08911486, U.S. Patent No. 4,910,300, EP318245, the relevant disclosures of which are 
incorporated herein by reference. Other methods of preparing a phosphorothioate containing polynucleotide 
are described by (a) Yau, et al.. Tetrahedron Lett. (1990)31(14). 1953-1956; (b) Brill, et al.. ibid (1989) 30- 
(48):6621-6624; (c) Caruthers. et al.. Nucleic Acids Symp. Ser. (1989)21: 1 19-120;7drCa7uthers et ~aT 
Nucleosides Nucleotides (1988)8(5-6): 1011-1014; (e) Brill, et al., J. Am~Chem. Soc. (1989)111(6): 2321- 
2322. " 

In some instances, the 3'-end of a polynucleotide will be modified to prevent reaction with template 
dependent DNA polymerase or to append a binding sequence. The 3'-end can, for example, be modified by 
ligation of a d.deoxynucleotide or a ribonucleotide followed by oxidation of the ribose with periodate 
followed by reductive amination of the resulting dialdehyde with borohydride and a bulky amine such as 
aminodextran. 

As a matter of convenience, predetermined amounts of reagents employed in the present invention can 
be provided in a kit in packaged combination. In assaying for a polynucleotide analyte in a sample, a kit 
useful in the present method can comprise, in packaged combination with other reagents, reagents for 
forming a target polynucleotide sequence from a polynucleotide analyte, an extender probe having at its 3'- 
end a sequence hybridizable with a first sequence in a target polynucleotide sequence and having a 
sequence that is homologous to a second sequence of the target polynucleotide sequence, wherein the 
second sequence is 5' and non-contiguous with the first sequence, and a polydeoxynucleotide primer, the 
latter of which can be labeled or can be provided with groups to render the sequence labeled or bound to a 
support. The kit can further include a labeled polynucleotide probe capable of binding to the target 
polynucleotide sequence, any polynucleotide sequences necessary for modifying the 3-end of extender 
probe not hybridized to the target polynucleotide sequence and also, where appropriate, a 3* exonuclease 
The kits above can further include in the packaged combination deoxynucleoside triphosphates such as 
deoxynucleos.de triphosphates, e.g., deoxyadenosine triphosphate (dATP), deoxyguanosine triphosphate 
(dGTP), deoxycytidme triphosphate (dCTP) and deoxythymidine triphosphate (dTTP). For use in a method 
of producing multiple copies, the kit can contain a polydeoxynucleotide primer if the primer is not produced 
by degradation of the extender probe. The kit can further include a polydeoxynucleotide polymerase and 
members of a signal producing system and also various buffered media, some of which may contain one or 
more of the above reagents. 

The relative amounts of the various reagents in the kits can be varied widely to provide for 
concentrations of the reagents which substantially optimize the reactions that need to occur during the 
present method and to further substantially optimize the sensitivity of the assay. Under appropriate 
circumstances one or more of the reagents in the kit can be provided as a dry powder, usually lyophilized 
including excip.ents, which on dissolution will provide for a reagent solution having the appropriate 
concentrations for performing a method or assay in accordance with the present invention. Each reagent 
can be packaged in separate containers or some reagents can be combined in one container where cross- 
reactivity and shelf life will permit. 
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EXAMPLE 1 



Modification^ 

10 Oligodeoxyribonucleotide sequences 1 and 2: 
Polynucleotide extender probe; 

Oligomer 1 

J5 5 . TGT TGT TCC GTT AGT TCG TTT TAT TTG TCG AAA TCC GCG ACC TGC TCC ATG TTA CT* (SEC, 

No. 1), and 

Polydeoxynucleotide primer for amplification; 



Oligomer 2 



20 



25 



30 



35 



40 



5' TGT TGT TCC GTT AGT TCG ^™^^J\ and Smith, M. in Oigonucleoti^^ 

^f^^ZXZ^^^ « used t0 9enerate an 

Po.vnuc.eot id e seance having ^^^^S^SS^^^ (doub.e-stranded 
A protocol lor DNA ampl.cat.on of target polynucleo ^ ^^'° P ^ oligomer 1 to form the initial 
relative form, 7250 base pairs from ^^f^^^^ was °uUUzed. Ten picomo.es 
amplifiable structure and subsequently ol.gomer 2 to drive we amp. mM 
(pm % o, and 000 ™,«u,es 0, Mr m p,9 , % X-m and 20 n-o— 

(NHO2SO4, 20 mM Tr.s-CHI (pH 8.8 @ " « » . c f 5 minutes and cooled to room 

nmoles) of each dNTP. After the reaction m.xture was de * 95 C f °r 5 m ^ ^ ^ 

temperature to allow annexing of the ^^.^^^^ZZ^ Laboratories) or 4 
polymerase (New England Bio.ab^ J ^^"J^JPtr^ and incubated at 37'C for 5-10 
units of Klenow fragment (U.S. BiochernicaO vasvaa Xq ^ target 

minutes. During this incubation, any extender probe , oh gome enzy mes. Any extender 

po.ynuc.eotide was degraded by the 3 |° J ex°nuc "J^J J^fty of the enzyme, 

probe which annealed to the target P o| y nuc,eot,d ^ waS ^"' l i e ^ structure. The T7. T4, or Klenow 

to form the amplifiable polynucleotide hav.ng an 'ntramolecular ba se pwred structur ^ 
polymerase was then heat inactivated by .ncubafton at 95 C for 2 m mutes a lymerase (Ne w 

cooled to room temperature. 100 pmo.es of ohgom 2 ^ ° Ternperature cycling of 90"C 

England Bio.abs) were then add « for f *njl vc = of £ minutes thereafte r) was 

(30 seconds), 55 -C (1 minute), and 72 C (5 m.nutes tor tn e y ^ above 

performed using a programmable thermal cycler < Er ™ ^ of temperature cycling 

45 three temperatures. A.iquots from ^ "^^^X^^FMC BioProducts) gels in IX 
and were analyzed by elect <<*^^™* i o mM EDTAJ and the DNA products were visualized 
TAE butter [40 mM Tr.s-Acetate (pH 10.3 @ <l-s " ,,V1 ' 

by staining the gel with ethidium bromide ex onuclease completely removed any extender 

in order to confirm that the treatment w.th the 3 to 5 ' e ^ C ^ ^ a J ace amount of extender 
50 probe oligomer 1 not annea.ed to the target ^^^^^ (US B) was included in the 
oligomer 1 labeled at the tn exonuSase incubation and analyzed by denaturing 

poSale^ * -radiography. Besu.ts obtained from this experiment are 



summarized in Table 1 . 

55 
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TABLE 1 



3' to 5* exonuclease 


Target DNA 


Extender probe present 


Amplification after 


treatment 




after cycle 1 


60 cycles 




none 


+ 




+ 


none 








600 molecules 




+ 


+ 


600 molecules 




+ 



The results in Table 1 demonstrate that treatment of the reaction mixture with a DNA polymerase which 
possesses a 3' to 5 f exonuclease activity, after annealing of the extender probe 1 oligomer to the target 
polynucleotide but before the addition of the amplification polydeoxynucleotide primer and the thermostable 
DNA polymerase, completely removed all of the extender probe oligomer 1 from the reaction and permitted 
the formation of enough polynucleotide having an intramolecular base paired structure to allow amplification 
from 600 double-stranded DNA targets. 

EXAMPLE 2 

Modification of Extender Probe by Chain Exte nsion 

Oligodeoxyribonucleotide sequences 1 and 2: 
Polynucleotide extender probe; 

Oligomer 1 

5' TAG CTA GCA GTA ACA TGG AGC AGT GTT GTT CCG TTA GTT 
CGT TTT ATT TGT CGA AAT CCG CGA CCT GCT CCA TGT TAC T 3 * 
(SEQ. No, 3), and 

Polydeoxynucleotide primer; 
Oligomer 2 

5' TGT TGT TCC GTT AGT TCG TTT TAT T 3' (SEQ. No. 4) 

were synthesizeed by the phosphoramidite method and purified on denaturing polyacrylamide gels. 
Contained within oligomer 1 is the entire sequence of oligomer 2 (bases 24-48), which were used to 
generate an amplifiable polynucleotide having an intramolecular base paired structure. Bases 9-23 and 65- 
79 of oligomer 1 comprise an inverted repeat, which is capable of forming an intramolecular base paired 
structure consisting of a 15 basepair stem and a 41 base loop. The eight 5' terminal bases of oligomer 1 
are not complementary to the target polynucleotide, i.e., bacteriophage M13mp19. 

A protocol for DNA amplification of bacteriophage M13mp19 (double-stranded replicative form, 7250 
base pairs) using extender probe oligomer 1 to form the initial polynucleotide having an intramolecular base 
paired structure and subsequently oligomer 2 to drive the amplification was utilized. Ten picomoles (pmol) 
of oligomer 1, 200 pmoles of oligomer 2, and 600 molecules of M13mp19 were combined in a buffer of 
10mM KCI, 10 mM (NHifcSO*. 20 mM Tris-HCI (pH 8.8 @ 25*C), 2 mM MgSO*, 0.1% Triton X-100, and 
20 nanomoles (nmoles) of each dNTP. The reaction mixture was denatured at 95 ° C for 5 minutes and 
cooled to room temperature to allow annealing of extender probe oligomer 1 to the target DNA. One to two 
units of Vent DNA polymerase (New England Biolabs) was then added for a final volume of 100 microliters 
(ul). The reactions were then incubated at 72 e C for 10 minutes. During this step any extender probe 
oligomer 1 that annealed to the target polynucleotide was extended by Vent polymerase to form an 
intramolecular base paired (bp) structure, which was amplified by oligmer 2. Any extender probe oligomer 1 
not annealed to the target polynucleotide formed an intramolecular stem-loop containing a 15 bp stem and 
an 8 base 5' single-stranded overhang. This 5* overhang was filled in by Vent polymerase with the 
complementary nucleotides. Since the 8 bases filled in by Vent polymerase were not complementary to the 
target polynucleotide, the modified extender probe oligomer 1 was rendered inactive as a primer. Any of 
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w 



15 



this extender probe that may stil. anneal to the target has an 8 base mismatch at the 3--end and thus can 

not be extended by Vent polymerase. minutes for the first 10 

(Seakem GTG FMC BioProducts) gels in 1XTAE butter [40 mM Tr.s-Acetate (pH iu.j e. 
Sta! and the DNA products were visualized by staining the gel with ethid.urr , brornjde. 

.n order to confirm that all unannea.ed extender oligomer probe 1 rhHed .n by ™ 
polymerase using deoxynuc.eotide triphosphates during .the J^g^ £ ^ ^7^0 
extender probe oligomer 1 that had been labeled at the 5 -end with P using P J 

from this experiment are summarized m Table 2. 

TABLE 2 



25 



30 



35 



Target DNA 


Fill-in of extender 
probe after cycle 1 


Amplification after 
60 cycles 


None 
600 molecules 


+ 
+ 


+ 



40 



45 



50 



55 



The results in Tab.e 2 demonstrate that, in the presence of 600 
extender Jot oligomer formed an interna, base paired structure or stern loop w* ,a £ ^ 
overhang, which was effectively fi..ed-in by Vent ^^^^^^^^ amplification 

were formed in the initial cycle. 
EXAMPLE 3 

Modifi cation of Extender Probe Utilizin g a Phrosphorothioate- con taini ng Oligonucleotide 

Th e detection of —^f^ 
:Son~;S as S 't n h 9 e ^ST^ £ bating an amp.ifiab.e stem-loop and. fo.lowing 

nuclease treatment, serves as a primer to drive amplication. automa ted (4-column 

protocol in Applied Biosystems, Inc., User Bul.etm, Number » Febn*y ™^ f ^ oi the 

^I^IZZ, one each in separate expen- 
se formation -^-'^^J^S ^^mTSZT. 

(600 M13m P 19 motecu.es,). and . the for 15 to 20 minutes, 

were heat-denatured for 5 minutes at 95 C and anneaiea ai « ' ^ nn , f T7 DNA 

A DNA polymerase with a strong 3' exonuclease act.vity was added (10 units . per iuu u 
polylaie New England Biolabs (NEB), Beverly Mass.). R -*^ 

extender probe annea.ed to target was chain extended, whereas al ^^olTdt^e 5 '-end to 
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to 2 minutes, thereby inactivating the T7 polymerase and denaturing the newly formed stem-loop molecule 
from the original target molecule. A heat-stable polymerase was added (Pfu from Stratagene San Diego, CA, 
5 units per 100 ul) and the reactions are cycled in a format as described in the previous examples. Aliquots 
from these reactions are analyzed by electrophoresis through 1.2% agarose (Seakem, FMC Bio Products) 
gels in 1 x TBE buffers [89 mM Tris-borate, 89 mM boric acid, 0.2 mM EDTA] and the amplified product 
was visualized by ethidium bromide staining. 
Extender Probes containing thio linkage(s): 

1. One phosphorothioate linkage (arrow) between A 34 and T 35 : 
a) 23 base primer remained after degradation (underlined) 

3' TC ATT GTA CCT CGT CCA GCG CCT AAA GCT G T T T AIT T 
TTGC TTGAT TGCCTTGTTGT 5' (SEQ. No. 5) 

2. Three phosphorothioate linkages (arrows) between T 33 and T 36 : 

a) mixture of 3 primers (24, 23, 22 bases) remained after degradation (underlined) 

3 ■ TC ATT GTA CCT CGT CCA GCG CCT AAA GCT G T T TIAIT4T 
TTGCTTGAT Tr,rrTTr,TTr,T 5» (SEQ. NO. 6) 



This invention also relates in a second aspect to the general use of the phosphorothioate-containing 
25 oligonucleotides as primers in nucleic acid amplification. 

SUMMARY OF THIS ASPECT OF THE INVENTION 

In one embodiment of the present invention a method is described for forming a polynucleotide 

30 sequence complementary to a single stranded target polynucleotide sequence ("target sequence"). The 
method comprises the steps of (a) hybridizing to the 3'-end of the target sequence a polynucleotide primer 
having a 3'-terminus comprised of a nucleotide monophosphate in which at least one phosphate oxygen is 
replaced by sulfur, (b) extending the polynucleotide primer along the target sequence and (c) dissociating 
the extended polynucleotide primer from the target sequence. 

35 Another embodiment of the present invention is a method for forming a polynucleotide sequence having 
a sequence identical, except for the presence of a sulfur bond to phosphorus in place of an oxygen, to a 
single stranded target polynucleotide sequence ("target sequence"). The method comprises the steps of 
(a) hybridizing to the 3'-end of the target sequence a first polynucleotide primer ("first primer") containing at 
least one phosphorous bond, (b) extending the first primer along the target sequence, (c) dissociating the 

40 extended first primer from the target sequence, (d) hybridizing to the 3'-end of the extended first primer a 
second polynucleotide primer ("second primer") wherein the second primer can be the same as or different 
from the first primer, and (e) extending the second primer along the extended first primer to form extended 
second primer wherein, when the first and second primers are the same, the extended first primer is a 
template for the first primer and, when the first and second primers are different, the extended first primer is 

45 a template for the second primer and the extended second primer is a template for the first primer. 

The methods of the present invention have application to a methods for forming multiple copies of a 
target polynucleotide sequence. Generally, these methods comprise the step of forming extension products 
of a polynucleotide primer along the target sequence or along an extended polynucleotide primer where the 
extension products are copies of the target sequence. The improvement provided by the present invention 

so comprises the primer having a 3'-terminus comprised of a nucleotide monophosphate containing at least 
one phosphorous-sulfur bond. 

Accordingly, one embodiment of this aspect of the present invention is a method of producing multiple 
copies of a polynucleotide sequence. The method comprises (a) providing in combination (1) a single 
stranded polynucleotide having such polynucleotide sequence and being flanked at each end by at least 

55 partially complementary first and second flanking sequences, (2) a polynucleotide primer at least a 10 base 
portion of which at its 3'-end is hybridizable to that member of the first and second flanking sequences that 
is at the 3'-end of the single stranded polynucleotide, the polynucleotide primer containing at least one 
phosphorothioate linkage, (3) nucleoside triphosphates, (4) template dependent polynucleotide polymerase 
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20 



25 



30 



and <b) incubating the cognation under conditions for ^^^^^S^Si S)^- 
tantly 1) dissociating the single stranded po.ynuc.eot.de ^^J^J^S branded polynucleotide, 
ing the polynuc.eotide primer with the flanfang sequence * the 3 t0 provide 8 first extended 

(3) extending the polynucleot.de pr.mer along the s. n 9 le str ~ P° [ |e stranded po , ynu cleotide, (5) 

«s sr. « r^ p rrs=L ^ «*, *. « — 

polynucleotide primer, and (8) repeating steps (5)- (7) ,above_ form m copjes 

In accordance with this aspect of the present .nvent.on ^ } containing at least one 

of a single stranded target polynucleotide . ^Uji -».»9- 

phosphorous-sulfur bond. The method comprises the steps^ of (a) hy* Q ^ , fur bond> (b) 

sequence a first polynucleotide primer ("first pnmer ) ^^^^^ D f hybr idizing to, and 
extending the first primer along the target sequence the ^^^^^^ ("second 
being extended along, (1) extended first pnmer or (2 , an °«™« e ^°™ ^ second primer capable of 
prim er") wherein the extended second P™'-^ to the 

hybridizing to and extending along (d) hybridizing to the 3'- 

primer, and (h) repeating steps (e)-(g)- method for forming multiple copies of 

Another embodiment of this aspect of the P^72^4S^ lce - ) . The sequence com- 
at least one double stranded polynuc.eot.de sequence and jts complementary 

prises a single stranded target 

sequence. The method comprises the steps of (a) treat, ng a sample suspec h bridizing to each 

th e q doub.e stranded polynuc.eotide -^ ces rj^ under conditions for 

target and each complementary sequence * us P ecte * °* .^f ^ the complementary sequences, 
hybridizing the primers to, f^^^^^SZ ftom one primer, when it is 

wherein the primers are selected such that the <^ ns »" pro extension product of 

dissociated from its complement, can ^f^^'^ ^of the double stranded polynuc.eotide 
another primer, wherein at least one of the p mers ^ for each °V extensjon products 

sequences contains at .east one P^'^ molecules, and 

STre^ 

^a^^ o, at least 

one^c^^ 

polynucleotide sequence. The method compr.ses the steps oi J y for each pQ|y . 

one or more of the polynucleotide sequences ^^^"JS^SdizinB conditions such that for 
nucleotide sequence suspected of being present ,n the sample under hybna g , fe 
each different polynucleotide strand to which a pr.mer l° e selec ted so as to be 

for med which is commentary to -" a "^^ ^ 
sufficiently complementary to each strand to hybr.d.ze therew.tr> suc^ forrna tion of 

from one primer, when it is dissociated from J^^^ 8 ^ p rm ers contains at least one 
the extension product of the other ^-^^^^^^^ their temp.ates, if the 
phosphorothioate linkage, (b) dissociating the pnmer f (c) treating the single stranded 

sequence or sequences are present, to produce s,ngle st ^J^^^ that a primer extension 
mo.ecu.es produced in step (b) with the P"^^ 0 2 J ^, n ^Z (b) as a temp.ate, resulting in 

a resu.1 off the presence of the anaiyte a s,n jf ™ 
complementary first and second flanking sequences, each comprised ot 
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in the presence of nucleoside triphosphates and template-dependent polynucleotide polymerase an exten- 
sion of a polynucleotide primer at least the S^end of which can hybridize with the flanking sequence at the 
3 T -end of the single stranded polynucleotide sequence, wherein the polynucleotide primer contains at least 
one phosphorothioate linkage and wherein steps (a) and (b) can be performed wholly or partially sequen- 
tially or concominantly, and (c) detecting extended polynucleotide primer containing a sequence identical to 
and/or complementary with the polynucleotide sequence. The above method can involve a variation wherein 
in step (a) an extender probe is combined with the analyte, having two non-contiguous, non-complementary 
nucleotide sequences S1 and S2, wherein S2 is 5* of S1 and is at least 10 nucleotides long. The extender 
probe has a sequence S3 capable of hybridizing to S1 and having a sequence S4 that is 5' of S3 and 
homologous with S2 and further being capable of being extended along said analyte. 

The invention also includes kits comprising in packaged combination (a) a polynucleotide primer having 
a 3'-terminus comprised of a nucleotide monophosphate containing at least one phosphorous-sulfur bond, 
(b) nucleoside triphosphates, and (c) a template-dependent polynucleotide polymerase. A kit for amplifica- 
tion of a target polynucleotide sequence can also comprise a second polynucleotide primer. The primers 
are related in that a product of the extension of one along the target sequence serves as a template for the 
extension of the other. In the above kit the second primer can have a 3Merminus comprised of a nucleotide 
monophosophate that contains at least one phosphorous-sulfur bond- 
Brief Description of the Drawings 



Figs. 1-3 are schematics of different embodiments in accordance with the present invention. 
Figs. 4-6 are photographs of agarose gels of reactions products obtained in the EXAMPLES section 
hereinbelow. 

In the attached Figs., these are referred to as the Figs, of the second aspect of the invention. 
Description of the Specific Embodiments 

In its broadest aspect the present invention provides for the formation of a polynucleotide sequence 
complementary to a single stranded target polynucleotide sequence. In the method a polynucleotide primer 
having a 3*-terminus comprised of a nucleotide monophosphate in which at least one phosphate oxygen is 
replaced by sulfur is hybridized to the 3'-end of a target polynucleotide sequence. The polynucleotide 
primer is extended along the target polynucleotide sequence and extended polynucleotide primer is 
dissociated from the target polynucleotide sequence. 

Heretofore, it had been thought that oligonucleotides containing thiophosphate groups were poor 
substrates for polymerases. See, for example, Gao, et al., supra. As a result of the present invention 
synthetic oligonucleotide primers that are resistant to "degradation by the exonuclease activities of many 
DNA polymerases can be used in amplification procedures. Accordingly, polymerases that have 3* to 5* 
exonuclease activity can be employed in various extension and amplification procedures. The editing 
function provided by this exonuclease activity allows for greater fidelity of replication in an amplification 
procedure. 

The methods have particular application in the area of the amplification of polynucleotides such as by 
polymerase chain reaction, single primer amplification and amplification using oligonucleotides of random 
sequence as primers, all referred to above, in which a polynucleotide sequence derived from a sample is 
amplified. The present method provides a highly convenient method for conducting amplification of nucleic 
acid sequences. 

As a result of the present invention synthetic oligonucleotide primers can be used in extension 
procedures including nucleic acid amplification with out concern for degradation by the exonuclease 
activities associated with many DNA polymerases used in nucleic acid extension and amplification 
procedures. For example, PCR, which provides for an exponential amplification of nucleic acids, can be 
carried out using an enzyme other than a Taq polymerase, which lacks a 3'-5' exonuclease activity and, 
thus, is not capable of removing mismatches. Numerous modifications of this procedure have been 
described, some requiring temperature cycling, others amplifying at a single temperature. The present 
invention allows amplification procedures such as PCR to be carried out using a single enzyme. Another 
advantage of the present invention is in the area of detection of genetic polymorphisms or point mutations 
in diagnosing genetic disease routinely described using PCR. Primers mismatched at the 3* end can be 
used to introduce artificial restriction sites or to detect single base mismatches in the target DNA together 
with enzymes having 3' exonuclease activities without concern that the enzyme would digest the mis- 
matched primer-template region. 
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Before proceeding further with a description of the specie embodiments of the present invention, a 

number of terms wi.. be defined. (All ^^Z^^^S^'L identified, usuaUy existing within a 
Target polynucleotide sequence -- a sequence of " ucBOU °~ ™ a „ ow preparation of various 

polynucleotide analyte, the identity of which is known to ^^^^^^^^ contained 
primers and other molecules necessary for conducing ^^^J^^u^Llde sequence 
within, in general, the primers hybridize to, and are extended along, the target P ^ e sequence 

and, thus, the target po.ynuc.eot.de sequence acts as a ^P^™ X £ ^ and otner probe 
usually lies between two defined sequences but need not. In general, me p 

polynucleotides hybridize with the defined sequences or wrfh at least a porton o ^ 9^ 
sequence, usually at least a ten nuc.eot.de «tto 3^ thereof ^ and p jr^ 

frequently 20 to 50 nucleotide segment thereof. As mentioned above, the t > g p V nucle otide 
generally has two defined, that is, ™^f^:/^ The target poly- 

Lquences, 81 and 82. which are c^'*^ P^rab.y 50 to 1,000 

nucleotide sequence usually contains from about 30 to 5,000 or more £ preferably 

nucleotides. tL two non-contiguous, "^^-"^""^^^S' preferably atLst 100, 
contain from 10 to 100 nucleotides each and are separated by at least t ^ ^ P l oMe analyte . 

usually 200 to 10,000. The target polynuc.eot.de ^^^^ f nLy be substantial* 

The target polynucleotide sequence ,s ge J"*^, 0 ^ * J po ^ n ucleotide sequence is selected 
the entire molecule. The minimum number of nucleot.des in the target pwynu h 
" assure that the presence of target po.ynuc.eotide sequence .n a samp.e ^ tnan 
presence of po.ynuc.eotide ana.yte in a sample^ ^."^^^^Tthe biologic source of the 
about 1.6 log L nucleotides where L ^.^J^^^^Z^ governed by the length of 
sam P .e. The maximum number of nucleotides J*^" ~ otn J ^ rocesse s during iso.ation 

SCCS^M ? 5S^- SmT™ an 9 d the efficiency of detection and,or 

^^u^P-er - a Po-V— ,eotide a ^ J£ 
stranded, containing a sequence at its 3'-end that .. c ^S^^^^ZSs^. preferably 70%, 
target polynucleotide sequence. Normally a polydeoxynucleo ^PJ'^.^VTeauence. The number of 
, Jre preferably 90%, most preferably 100%, co ™'f«^ be such that 

deoxynucleotides in the hybridizable sequence of » Pj^^J^ f ^ vent excessive random non- 

20 to 50, deoxynucleotides. . ... mltfmerase or a single stranded template poly- 

Means for extending a primer - a polynucleotide t»lyn»rase , or a s g 

.n accordance with the present invention at .east one P^^ 
along a template or target polynucleotide has a 3'-term.nus comprised of a J^ ,de J , t0 5 

which an oxygen of at least one phosphate has been replaced by ^^J^j.'^Sd. T he sulfur 
phosphates is replaced by sulfur, more preferably, the oxygen of 1 to 2 Penates « repa 
!s JquentW bound solely - P-SP~ 

carbon atom or carbon atom of a label. Thus, the P° vaeoxynu L ^ to 2, phosphorus-sulfur 

the present invention contain at least one, preferably 1 to 5 more P referab,y ^ 0 f complementarity 
bonds. One consideration in the number of P*»*f^ the 
between the primer and the template polynucleot.de. In ge neral, ^ ^ ^ are genera „ y 

niques as described below. Scribed for forming a polynucleotide 
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method comprises the steps of (a) hybridizing to the 3'-end of the target sequence a polynucleotide primer 
having a 3'-terminus comprised of a nucleotide monophosphate in which at least one phosphate oxygen is 
replaced by sulfur, (b) extending the polynucleotide primer along the target sequence and (c) dissociating 
the extended polynucleotide primer from the target sequence. 

Such an embodiment of the method is depicted schematically in Fig. 1 . Primer P1 has a phosphorus- 
sulfur bond (indicated by -S in the Fig.) located at its 3'-end. The primer hybridizes with T1 of the target 
polynucleotide sequence (T). The primer is extended along T to produce an extended primer H, which is 
complementary to T. T can be chosen such that a particular sequence, such as, for example, T2, is known. 
The extended primer contains sequence P2, which is complementary to T2. Next, the extended primer is 
dissociated from its complex. 

Another embodiment of the present invention is a method for forming a polynucleotide sequence having 
a sequence identical, except for the presence of a phosphorus-sulfur bond in place of a phosphorus-oxygen 
bond, to a single stranded target polynucleotide sequence. The method comprises the steps of (a) 
hybridizing to the 3'-end of said target polynucleotide sequence a first polynucleotide primer ("first 
primer") containing at least one phosphorous-sulfur bond (b) extending the first primer along the target 
polynucleotide sequence (c) dissociating the extended first primer from the target polynucleotide (d) 
hybridizing to the 3'-end of the extended first primer a second polynucleotide primer ("second primer") 
wherein the second primer can be the same as or different from the first primer, and (e) extending the 
second primer along the extended first primer to form extended second primer wherein, when the first and 
second primers are the same, the extended first primer is a template for the first primer and, when the first 
and second primers are different, the extended first primer is a template for the second primer and the 
extended second primer is a template for the first primer. The above method can include the step of 
dissociating the extended second primer from the extended first primer. Conditions can be chosen to obtain 
repeated cycling such that extended primers are dissociated from their templates and then the primers can 
be hybridized to and extended along the extended primers. Cycling can be repeated at least 3 times. The 
extending is carried out in the presence of nucleoside triphosphates and template dependent polynucleotide 
polymerase. 

The methods of the invention find use in polynucleotide amplification such as, for example, PCR and 
single primer amplification, wherein one or more copies of a target polynucleotide sequence, i.e., sequences 
identical to the target polynucleotide sequence, are formed. 

The use of the present method in single primer amplification is depicted in Fig. 2. In the following 
description appropriate conditions for the hybridizing, extending, and dissociating steps are chosen as 
discussed below. Polydeoxynucleotide primer Pt hybridizes with T1, wherein T1 is capable of hybridizing 
with, preferably complementary to, T2 of the target polynucleotide sequence. Pt can also comprise a label 
W (not shown). P1 is hybridized with and extended along the target T to form extended primer H 
comprising sequences P1 and P2, wherein P2 is complementary to T2 and P1. H is dissociated from T and 
P1 hybridizes with P2 of H and T1 of T and is extended along H and T, respectively. The duplexes are 
dissociated and P1 is hybridized with and extended along H and T to yield H' and H, respectively. Further 
repetition results in multiple copies of the target polynucleotide sequence, which can be detected because 
of the presence of label W. 

Another embodiment of this aspect of the present invention is depicted in Fig. 3 wherein primers each 
having a nucleotide monophosphate containing at least one phosphorus-sulfur bond are employed in a PCR 
amplification. It is, of course, within the purview of the present invention to conduct PCR with two primers, 
only one of which has a nucleotide monophosphate containing at least one phosphorus-sulfur bond. As 
mentioned above, the PCR method can be used for forming multiple copies of at least one double stranded 
polynucleotide sequence. The sequence comprises a single stranded target polynucleotide sequence and 
its complementary sequence. A sample suspected of containing one or more of the double stranded 
polynucleotide sequences is treated with polynucleotide primers P'1 and P'2, each of which, respectively, is 
capable of hybridizing to the target and its complementary sequence suspected of being present in the 
sample. Conditions are chosen for hybridizing the primers to, and extending the primers along, the target 
and the complementary sequences. The primers are selected such that the extension product formed from 
one primer, when it is dissociated from its complement, can serve as a template for the formation of the 
extension product of the other primer. As can be seen in Fig. 3, the complementary sequences are T' and 
T". T' has sequences T'1 and T'2 and T" has sequences T'1 and T"2. P*1 hybridizes with T'1 of T' and 
P'2 hybridizes with T"2 of T". Under appropriate conditions P'1 is extended along T' to give V and P'2 is 
extended along T" to give V. It is apparent from Fig. 3 that P'1 and T'1 are complementary, P'2 and T"2 
are complementary, P'1 and T"1 are homologous and P'2 and T*2 are homologous. The extended primers 
are dissociated from their respective templates. Molecules of primer P'1 hybridize to and are extended 
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a,on g T and V, respective*, and mo.ecu.es of primer ^ ^ T£££3l> Cycles 

respectively, to yield V, W, W and V, W^'jJ^ s 1 que n C e The cyc.es are carried out under 
results in mu.ti P .e copies of W and W conta.n.ng h '^^^ str J ds produced as templates, 
conditions such that a primer extens.on product ^ ™ seq 9 uences if preS ent. 

resulting in amplification of the target sequences "^?^^2«Sk» is DNA or RNA. In one aspect 
The method has application where the target f^^^ The reporter molecule can be, 

the polynucleotide primer is .abe.ed w.th a labe reporter m ofc ^ ^ ^ than ^ 
lor example, a detectable group or a b.nder such as o or a nuc.e eq ^ tQ ^ 

sequence that hybridizes with the target sequences. J^°^ e ^j he extended primer(s) can be 
phosphorothioate group in the primer or may ^ ^J^^Tpro^. The probe will usuaHy have a 
l^JZZt rS^Sr: SSSTS - the target nucleotide sequence 

analyte in a sample suspected of contammg the po ^3 sequence from the poly- 

treated as described above to form a single ar ^J , ^^^ a two noncontiguous, non-com- 
nudeotide analyte, if present. The target po.ynuc ™ „ at least ten nucle otides .eng. 
p.ementary nucleotide sequences 81 and . S ^here,n 82 s 5 of S^ a ^ Such an 

The medium is combined w.th an extender probe having tw * end Qf the extender 

approach to single primer amplify on ,s ^^^^^*n^ <EP*> * homologous to 
probe (EP1) is hybr.dizab.e w.th S1. The other « ine y sequence complementary to S2 

S2. A polydeoxynucleotide primer capable of hybr.d.z.ng w.th s q ^ pfobe . s 

is included when modification of the ext ender probe does no J^*^ usua| , y one percent or 
present in a concentration that is much less than ' ^™^ a ° n 3 .° \ er ^L comprised of a nucleotide 
less, in accordance with the present .nvent.on the pr.mer ^has a 3term De0 xynuc.eoside 
monophosphate in which at least one phosphate '^^J^cJ^ Conditions are chosen 
triphosphates and one or more along the target polynucleotide 

such that (1) the extender probe .s hyb r.d.zed w. th ^ « ^ the target polynucleotide sequence is 
sequence to form a duplex, (2) the extender probe ™ (4) the primer hybridizes with and 

modified, (3) the extended extender P'^ ' s <f primer , (5) the 

is extended along the extended sequence to form a ^cond «up £ gnd js extended along 

extended primer is dissociated from the duplex, and (6) the pnme _hybna ^ ^ ^ 

said extended primer to form a duplex comons.ng "^J^'J^g^. Th en an examination is 
steps (a) and (b) are performed concern .tant.y or wh °* jndicating the presence of the 

35 conducted for the presence of the extended pr.mer the P'^*^ preferably, at least 10 times; 

polynucleotide analyte. Steps (5) and (6) ar •"JJ^itS ^ £ Ge n P era ..y, steps (5) and (6) are 

above, unless noted below. amnlification or in PCR, the method is conducted 

Where the present method is utilized mangle pr.mer ^ extended primer or a sequence 

tor a time sufficient to achieve a desired n^-cjj f t which the arnp^fication is conducted, 
complementary thereto. This, in turn, depends on the ^ ^ w ^ conducting ^ 

such as, for example, an assay for a P 0, y™ de * ,d f can be used from 1 to as 

method will be from about 1 to 10 m.nutes per cycle and "^£^ tence it is usually des irab.e to 
high as 200 or more, usual.y 5 to 80, frequently 10-60. As a matter of con ^ 
minimize the time period and the number of ^^ n ^^ns P ot nuc.eoside triphosphates 
am P .ification can be shortened, for example by ^ n " c ££^ concentrations of polynuc.eotide 
sufficient to saturate the polynuc.eotide g*^^* peTod or conducting the method wi.l be from 
polymerase and polynucleotide pr.mer. Generali ^ ^J2 b e desirable to minimize the time period. 
Lou, 5 to 200 minutes. As a matter of ^^^^^^^^ is that a template dependent 
As mentioned above, a pr.mary ^^^^^3^ in amplification of polynucleotides, 
polynucleotide polymerase having 3" ^ , *^^^ s ^^tD accomplish chain extension. The 
The concentration of this polymerase w.ll be chose n to be sutt.c e determ ined empirically, 

concentration of the template-dependent ^^ v ^^^ in the concentration does not 
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is the cost of the reagent. 

The copies of extended primer(s) can be detected in numerous ways. For example, in the present 
method, molecules of the polydeoxynucleotide primer can be labeled with a reporter molecule such as a 
iigand, a small organic molecule, a polynucleotide sequence, a protein, support, a member of an operator- 

5 repressor pair, intercalation dye and the like. Any standard method for specifically detecting nucleic acid 
sequences can be used. It is important to note that, since sulfur atoms are being incorporated into the 
products of the amplification in accordance with the present invention, these sulfur atoms can constitute a 
reporter molecule, the presence of which is related to the presence of the target polynucleotide. In this 
approach the products of the amplification can be treated in a number of ways chemically to detect the 

w presence of sulfur atoms. For example, the products of the reactions in accordance with the present 
invention can be treated with an enzyme that cleaves the bond opposite the phosphorothioate linkage in the 
double stranded product. Such an enzyme is, for instance, Hinc II. In another approach the products of the 
reactions can be treated chemically by known procedures to cleave the phosphorothioate bond. Other ways 
of detecting the presence of sulfur atoms in the reaction products will be suggested to those skilled in the 

is art. 

One method for detecting nucleic acids is to employ nucleic acid probes. One method utilizing probes 
is described in U.S. Patent Application Serial No. 773,386, filed September 6, 1985, US4868104, the 
disclosure of which is incorporated herein by reference. 

Other assay formats and detection formats are disclosed in U.S. Patent Applications Serial Nos. 
20 07/299,282 and 07/399,795 filed January 19, 1989, and August 29, 1989, respectively, see also EP379369, 
and U.S. Patent Application Serial No. 07/555,323 filed July 19, 1990, see also EP469755. The applications 
have been incorporated herein by reference. 

Examples of particular labels or reporter molecules and their detection are described above. 

Detection of the signal is described above. 
25 Various techniques can be employed for preparing a polydeoxynucleotide primer, or other poly- 
nucleotide sequences, as described above. 

Polydeoxynucleotide primers containing at least one monophosphate having a 3' terminus comprised of 
a nucleotide monophosphate in which at least one phosphate oxygen is replaced by sulfur can be prepared 
according to known techniques. By way of illustration, see as described above in relation to extender probes 
30 containing such groups. 

As a matter of convenience, predetermined amounts of reagents employed in the present invention can 
be provided in a kit in packaged combination. A kit can comprise in packaged combination (a) a 
polynucleotide primer having a 3*-terminus comprised of a nucleotide monophosphate containing at least 
one phosphorous-sulfur bond, (b) nucleoside triphosphates, and (c) a template-dependent polynucleotide 
35 polymerase, which may or may not have exonuclease activity. A kit for amplification of a target poly- 
nucleotide sequence comprises the above items and for conducting PCR would include in addition a 
second polynucleotide primer, where the primers are related in that a product of the extension of one along 
said target sequence serves as a template for the extension of the other. The second primer can also have 
a 3*-terminus comprised of a nucleotide monophosophate that contains at least one phosphorous-sulfur 
40 bond. 

In assaying for a polynucleotide analyte in a sample, a kit useful in the present method can comprise, in 
packaged combination with other reagents mentioned above, reagents for forming a target polynucleotide 
sequence from a polynucleotide analyte. Furthermore, the polydeoxynucleotide primer can be labeled or 
can be provided with groups to render the sequence labeled or bound to a support. The kit can further 

45 include a labeled polynucleotide probe capable of binding to an amplified target polynucleotide sequence. 
The kits above can further include in the packaged combination deoxynucleoside triphosphates such as 
deoxynucleoside triphosphates, e.g., deoxyadenosine triphosphate (dATP), deoxyguanosine triphosphate 
(dGTP), deoxycytidine triphosphate (dCTP) and deoxythymidine triphosphate (dTTP). The kit can further 
include members of a signal producing system and also various buffered media, some of which may 

so contain one or more of the above reagents. 

The relative amounts of the various reagents in the kits can be varied widely to provide for 
concentrations of the reagents which substantially optimize the reactions that need to occur during the 
present method and to further substantially optimize the sensitivity of the assay. Under appropriate 
circumstances one or more of the reagents in the kit can be provided as a dry powder, usually lyophiiized, 

55 including excipients, which on dissolution will provide for a reagent solution having the appropriate 
concentrations for performing a method or assay in accordance with the present invention. Each reagent 
can be packaged in separate containers or some reagents can be combined in one container where cross- 
reactivity and shelf life permit. 
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EXAMPLES 



ic Homnn^tratPri further bv the following illustrative examples. 



Temperatures are i 
5 indicated. 

EXAMPLE 1 
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Prepargtion ^415mer Having an Inverted Repea t 

The preparation of a 415mer having an inverted repeat (stem .oop 
accordance with the method described in U.S. Patent f ^^^^^^ l the preparation 
see also EP469755, the re.evant disclosure of wh,c ' "■"^SS ^Resea^ch Laboratories (BRL» in a 100 
,0 attomoles of -g'^^^^^/j^e 0 ^ ^M KC ^.5rnM MgCfe , 0.01% ge.atin and 200 
microliter reaction conta.ning 10mM Tns-CI pH 8.3 • 50mM^ ^ i mjcromo , ar sjng)e 

micromolar deoxynucleotide tnphosphates (dNTPs) micromolar extender probe ON2, the 

primer amplification primer ON1 (po.ydeoxynuc.eot.de P"^ r > ^° r ^ ,C ^ T)peralure for 15 minutes. This 
above mixture was heated to 95 -C for 5 m.nutes and cooled to ^ San Djego> CA) was 

allowed the extender probe to anneal to target DNA. laq poiy ^ ( ^ 55 • C - 60 seconds, 72 °C - 
added (5 units) and the temperature was cycled as follows 90 C - -3C seco ^ ^ 

90 seconds. This temperature profile «~as repeated OT ^J^^E ararose (FMC BioProducts, 
agarose gel electrophoresis. The agarose gels were ^^.^Zm^as added to a 6X dye 
Rockland, ME) 1.2% weight/volume (w/v». The Maniatis, et al.. "Molecular 

(0 . 2 5% bromophebo. blue, 0.25% xy ^ cvanc. , and ^ Tx JBE ^ 

Cloning, A Laboratory Manual . 455 (1982)) in waier anu j t x ) Tne band constituting 

(0.1M Tris base, 89 mM boric acid, and 2mM ^"f^ by examination 

the 415mer product was identified by e^urn bro^^^^ equjpped w , h , uv 

under UV light. Gels were pho tographed using a Poland ^ ^ & ^ ^ 

transilluminator from Fotodyne, Inc., New Berl.n, according to standard procedures 

corresponding to the 415mer were poo.ec land ethano. ^ 8 fhjorometer . 

("Current Protocols in Molecular Biology, Chapter 15, page «mu ^ 

Oligonucleotides ON1 and ON2 were as follows: 

„1, »• TOT TGT TCC GTT AGT TCG TTT TAT T (SEQ ID 



35 



40 



NO: 2) 



ON2 . 5 . TGT TGT TCC GTT AGT TCG TTT TAT TCA TAG TTA GCG 
Z CGA TCT AAA GTT TTG TC 3- (SEQ ID HO = 7, 
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EXAMPLE 2 

A^^^pjm^^ 

cvamdi t= 1 «,n<: utilized as a tarqet sequence in single primer 
The 415mer produced as described in EXAMPLE 1 was "'^ 88 a ^ 9 M bonds jn 

described below for Primer 2. . the , ol | 0vvinq oligonucleotide (ON3): 5* TGT TGT 
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were then performed with 0.1 M tetraethylthiuram disulfide (TETD) (Applied Biosystems, Inc., Foster City, 
CA) in acetonitrile. The remaining bases were added under normal coupling conditions following the 
protocol in Applied Biosystems, Inc., User Bulletin, Number 58, February 1991. The digestion of the above 
oligonucleotide (2uM) was carried out in 1X Vent buffer. The mixture was heat denatured for 5 minutes at 
95 -C and then cooled to room temperature. T7 DNA polymerase, unmodified Form II (New England 
Biolabs, Beverly, MA) was added and the reaction mixture was incubated for 5 minutes at 37 * C. The T7 
was then inactivated by heating for 2 minutes at 95 • C. The resulting reaction mixture containing Primer 2 
was used in the experiment below. Primer 2: 5' TGT TGT TCC GTT AGT TCG TTT TAT T 3' fSEQ ID 
NO:10). 

The amplification reactions were carried out according to the following protocol: The 415mer was 
serially diluted in water to obtain a medium containing approximately 500 molecules of the 415mer. Vent 
polymerase buffer (1X) (100mM KCL, 200mM Tris-HCI, pH 8.8 at 25°C, lOOmM [Nh^fcSO*, 20mM MgS0 4 , 
1% Triton X-100), 300uM dNTPs, and 1uM of Primer 1 were combined. The combination was heated at 
95 -C for 5 minutes and then cooled at room temperature for 15 minutes. Taq DNA polymerase (Stratagene, 
San Diego, CA) (5 units) was added to the reaction mixture, which was subjected to temperature cycling for 
50 cycles as. follows: 72 *C for 5 min (1X), 90 -C for 30 sec, 55 C for 60 sec, and 72 "C for (90 sec (SOX). 
As a control the above amplification was repeated with a control primer, which is ON1 without the 
phosphorus-sulfur bonds in place of phosphorus-oxygen bonds, namely, 5* TGT TGT TCC GTT AGT TCG 
TTT TAT T 3' (SEQ ID NO:2). The results of the above experiments were determined by agarose gel 
electrophoreses as described above and are shown in Fig. 4, wherein the control reaction is shown in Lane 
1 and the reactions using Primer 1 is shown in Lanes 2 and 3. 

Amplification of the 415mer was also carried out using Primer 2 and a protocol similar to that described 
above. The concentration of Primer 2 was 1uM and 2.5 units of Pfu DNA polymerase (Stratagene, San 
Diego, CA) were used in place of the Tag DNA polymerase. The results are shown in Fig. 5. Lane 1 
represents the negative control where no target molecules were present. Lanes 2, 3 and 4 represent 
amplification in accordance with the present invention of approximately 300, 30 and 3 of the 415mer 
molecules, respectively, where serial dilution was used to obtain the pre-amplification 415mer concentra- 
tions. 

EXAMPLE 3 



Single Primer Amplification Using a Degradable Phosphorothio ate-containing Extender Probe Generating 
Primer In Situ ' ~ " ~ 

The detection of approximately 600 double-stranded target molecules using single primer amplification 
was demonstrated repeatedly using a degradable, phosphorothioate-containing oligonucleotide. The 
oligonucleotide (56 bases) acts as the extender probe in creating an amplifiabfe stem-loop and, following 
nuclease treatment, serves as a primer to drive amplification. 

The synthesis of the extender probe oligonucleotide was carried out in an automated (4-column 
Biosearch 8750 DNA synthesizer) manner until positioning of the thio-modified linkage(s). Manual oxidations 
were then performed with 0.1 M tetraethylthiuram disulfide (TETD) (Applied Biosystems, Inc., Foster City, 
CA) in acetonitrile. The remaining bases were added under normal coupling conditions following the 
protocol in Applied Biosystems, Inc., User Bulletin, Number 58, February 1991. 

Extender Probe containing thio linkage(s): Three phosphorothioate linkages (arrows) between T 33 and 

T3& : 

mixture of 3 primers (24, 23, 22 bases) remained after degradation (underlined) 

3 1 TC ATT GTA CCT CGT CCA GCG CCT AAA GCT GTT TIA4TIT 
TTGCTTGAT TGCCTTGTTGT 5' (SEQ ID NO: 6) 

The formation and amplification of a stem-loop molecule was carried out in 100 microliter reactions 
containing an appropriate buffer (20 mM Tris-HCI, pH 8.8, 10 mM KC1, 10 mM (NH 4 ) 2 S04 ) 2 mM MgS0 4 , 
and 0.1% Triton X-100), dNTPs (200 to 300 micromolar), double stranded target polynucleotide molecule 
(600 M13mp19 molecules,), and the extender probe (0.5 and 1 micromolar initial concentration). Reactants 
were heat-denatured for 5 minutes at 95 "C and annealed at 25 'C (room temperature) for 15 to 20 minutes. 
Each of three DNA polymerases with strong 3' exonucfease activity were separately added (6 units per 100 
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c „■«« nor 1 on nl of T4 DNA polymerase, New England Biolabs (NEB), 
u, of Klenow DNA ^^J^^^X^- New England Biolabs (NEB), Beverly Mass.). 
Beverly Mass or 5 units per 100 ul of T7 dna poiyn v , d t , was cnaln extended, 

Reactions were incubated at 37 -C such that any *^J^™Z^ a) of 9 the thio linkage(s). The 
whereas all non-annealed extender probe was fB^upto^^to^^ degradatio n of the non- 
extender probe was radiolabeled at the 5-end to ^^J^T:^^ J, minute, while the 
annealed extender probe up to the suifur f ^ 8 Jj"^^ " " " 60 minutes. After the 
remaining sequence was resistant to further degrade* tor up t 

eiongation/degradation was complete, M ^Z^Z new y formed stem-loop mo.ecu.e from the 
inactivating the particular DNA polymerase and den atu ng the ^ ™ San Diego , C A, 10 units 

original target molecule. A heat-stable P^T^^.^^^^ta. 30 sec, 55 -C for 60 sec, 
per 100 u; and the reacts are eye ed ^ ™< f j; sec (50X , Aliquots f m theS e 

72 -C for 5 mm (10X), 90 C for 30 sec 5b o tor o ' (Seakem FMC Bio Products) gels in 1 x 

reactions are analyzed by electrophoresis through 1.2 A J^<*J^ ' lhe amplified produc t was 
TBE buffers [89 mM Tris-borate 89 f^l 6 where Lane 1 represents 0.5 

visualized by ethidium brom.de stainmg. Th ,r«* ■«* shown ^ g concen tration of the 

micromolar concentration of the extender probe and Lane 2 represents 



extender probe. 
EXAMPLE 4 
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P CR Amplification Using Phosphorothioate Primer 

PCR amplication is carried out using 10 attomo.es of ^^^^^^^^ 
Research Laboratories (BRL)) in a 100 microliter reaction ^ "J^^ii (5r?s). In the presence 
1.5mM MgC, 2 , 0.01% ge.atin and 20C .micromolar ^^^S%C^ GCC C-3' (SEQ ID 
of 1.0 micromolar concentrations of Primer 3 < 5 -GTT GAA ATT ^aaa ^ ^ ^ 

NO:11)) and Primer 4 (5'-CAT AGT TAG CGT AAC G ^?™^™J r ^ re for 5 minutes. Taq DNA 
above mixture is heated to 95 'C for 5 minutes and ^^J^^I^^ohs: 90 -C - SOliconds, 
polymerase (Stratagene) is added (5 units) and the ^^^J^^S 30 times. The expected size 
55 - C - 60 seconds, 72 - C - 90 seconds. This tem P eratun3 pro e 2Q and 30 cycles from 

of amplification product is 880 base pairs. Ahquots (5 ^ s ^ ned witn ethldi um bromide, 

the PCR reaction mixtures are electrophoresed on a 1 M agarose 9*' ^ s ^ ^ ^ 

Based on the mobilities of molecular weight standards, a single Dana or vv 

appears following 10, 20 and 30 cycles <* ™ 1Q0 mjcroliter reaction and amplified using PCR. 

Target concentration is decreased to 10 attomoies/ iuu narameters were as described 

mdividua. reaction components, as well as time and ^^J^^Z^ <°r 30 minutes, 
previously. Reactions are heated to 95' C for 5 minutes «d , ^SS^on aO.8% agarose gel and 

^d^ 

r^o^^^^^ * Phosphorus-oxygen bond can 

be utilized effectively in amplification of nucleic acids mprhanjsms involved in the present invention. 



so Claims 
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A method for forming, from an extender probe and ^^^^^^S^ 
polynucleotide free of unmodified sequence comp.emen- 

E r^s^^ ™< — ■ said method 

'T^zing - the 3-end of said single stranded target PO = - ™ "o^ 
said extender probe wherein said extender probe conta.ns a sequence sud 



32 



BNSDOCID <EP_ 



EP 0 549 107 A1 



sequence S2 at the 5'-end of said single stranded target polynucleotide sequence, 

(b) extending said extender probe along said single stranded target polynucleotide sequence, 

(c) modifying said 3'-end of said extender probe not hybridized to said single stranded target 
polynucleotide sequence, 

(d) hydridizing a primer to the 3'-end of the extended extender probe, said primer having said 
sequence S2 at its 3-end, and 

(e) extending said primer along said extended extender probe. 

2. The method of Claim 1 wherein said modifying comprises means for extending or degrading said 3'- 
end of said extender probe not hybridized to said single stranded target polynucleotide sequence. 

3. A method for producing from an extender probe a polydeoxynucleotide (PDN) having two segments 
that are non-contiguous and complementary with each other, said PDN being substantially free of said 
extender probe, said method comprising the steps of: 

providing in combination (a) a polynucleotide having two non-contiguous, non-complementary 
nucleotide sequences S1 and S2 wherein S2 is 5' of S1 and is at least ten nucleotides long, (b) an 
extender probe comprised of two deoxynucleotide sequences, wherein the sequence at the 3'-end of 
said extender probe, EP1, is hybridizable with S1 and the other of said deoxynucleotide se- 
quences,EP2, is homologous to S2, and (c) means for chemically modifying the 3'-end of said extender 
probe that does not hybridize with said polynucleotide, and 

extending said extender probe along said polynucleotide wherein the 3'-end of said extender probe 
not hybridized with said polynucleotide is modified. 

4. The method of Claim 3 wherein said means comprises a nucleotide sequence EP3 capable of 
hybridizing with said EPt. 

5. The method of Claim 3 wherein said means comprises a nucleotide sequence EP3 in said extender 
probe, said EP3 being capable of hybridizing with said EP1. 

6. The method of Claim 3 wherein said means is means for degrading the 3'-end of said extender probe. 

7. The method of Claim 6 wherein said means comprises an enzyme having 3'-exonuclease activity. 

8. The method of Claim 6 wherein said extender probe is degraded to give a polydeoxynucleotide primer 
capable of hybridizing at least at its 3'-end with a nucleotide sequence complementary to S2. 

9. The method of Claim 3 which further comprises providing in said combination a polydeoxynucleotide 
primer capable of hybridizing at least at its 3'-end with a nucleotide sequence complementary to S2 
under conditions, .where (1) said extended extender probe is rendered single stranded, (2) said 
polydeoxynucleotide primer hybridizes with and is extended along said extended extender probe to 
form a duplex comprising extended primer, (3) said extended primer is dissociated from said duplex, 
and (4) said primer hybridizes with and is extended along said extended primer to form a duplex 
comprising extended primer. 

10. The method of Claim 9 wherein steps (3) and (4) are repeated. 

11. A method according to Claim 3 for replicating a target polynucleotide sequence, said target poly- 
nucleotide sequence having two non-contiguous, non-complementary nucleotide sequences S1 and S2 
each at least 10 nucleotides long, wherein S2 is 5' of S1, said method comprising the step of: 

providing in combination, either concomitantly or wholly or partially sequentially, (1) said target 
polynucleotide sequence, (2) an extender probe having two deoxynucleotide sequences wherein the 
sequence at the 3'-end of said extender probe, EPt, is hybridizable with S1 and the other of said 
deoxynucleotide sequences, EP2, is homologous to S2, (3) means for extending or degrading the 3'- 
end of said extender probe not hybridized with said target polynucleotide sequence, (4) a polydeox- 
ynucleotide primer comprised of sequence S2 at its 3'-end where said primer may be provided directly 
or generated in situ, (5) DNA polymerase and (6) deoxynucleoside triphosphates under conditions 
wherein (A) some of said extender probe becomes hybridized with and extended (extended EP) along 
said target polynucleotide sequence to form a duplex, (B) extender probe not hybridized to said target 

33 



_0549107A1_1_> 



EP 0 549 107 A1 



extended primer and steps (E) and (F) are repeated, 
phosphorothioate. 

. A ™thod according ,» Claim 3 <o, detecting th. presence of a polynucleotide ana.y.e, said method 
"'StSS'.tSl -spaced o, containing said ■"^T^.^^iiXJ!'^ 

nX,£ci:rn:^^ 

wherein the sequence at the 3 -end or saia exienuer \ / * nucleotide 

performed concomitantly or wholly or partially sequentially, and 
(c) examining for the presence of said extended primer. 

,4 A method for forming a polynudeotide sequence identica. to a single stranded target polynucleotide 

sequence, degradation of the 3 -end of said extenaer p o y sequence , hybridiza- 

extended extender probe. 
15 - ^^TX^TL a sequent 

^^^^^^^ m JSZ*J~» ~ - 

said second sequence when means for forming said primer is not otherw.se present. 
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16. A kit comprising an extender probe having at least one phosphorothioate diester and a 3'-exonuclease 
capable of hydrolyzing said extender probe. 

17. A method according to Claim 3 for detecting the presence of a polynucleotide analyte, said method 
comprising the steps of: 

(a) treating a medium suspected of containing said polynucleotide analyte to form a single stranded 
target polynucleotide sequence from said polynucleotide analyte, if present, sard target poly- 
nucleotide sequence having two non-contiguous, non-complementary nucleotide sequences S1 and 
S2 wherein S2 is 5* of S1 , and is at least ten nucleotides long, 

(b) combining said medium with (1) an extender probe composed of two deoxynucleotide sequences 
wherein the sequence at the 3'-end of said extender probe (EP1) is hybridizable with S1 and the 
other of said deoxynucleotide sequences (EP2) is substantially identical to S2 wherein said extender 
probe contains at least one phosphorothioate diester and is capable of degrading to form a 
polydeoxynucleotide primer capable of hybridizing with a nucleotide sequence complementary to 
S2, (3) deoxynucleoside triphosphates, and (4) DNA template dependent polydeoxynucleotide 
polymerase under conditions wherein (A) said extender probe is hybridized with and is extended 
along said target polynucleotide sequence to form a duplex, (B) said extender probe not hybridized 
with said target nucleotide sequence is degraded to form said polydeoxynucleotide primer, (C) said 
extended extender probe is dissociated from said duplex, (D) said primer hybridizes with and is 
extended along said extended extender probe, (E) said extended primer is dissociated from said 
duplex, and (F) said primer hybridizes with and is extended along said extended primer to form a 
duplex comprising extended primer and steps (E) and (F) are repeated, wherein steps (a) and (b) are 
performed concomitantly or wholly or partially sequentially, and 

(c) examining for the presence of said extended primer. 

18. A method for forming a polynucleotide sequence complementary to a single stranded target poly- 
nucleotide sequence ("target sequence"), said method comprising the steps of: 

(a) hybridizing to the 3'-end of said target sequence a polynucleotide primer having a 3'-terminus 
comprised of a nucleotide monophosphate in which a sulfur is in place of at least one phosphate 
oxygen, 

(b) extending said polynucleotide primer along said target sequence and 

(c) dissociating said extended polynucleotide primer from said target sequence. 

19. The method of Claim 18 wherein a sulfur is in place of 1 to 5 phosphate oxygens. 

20. A method according to Claim 18 for forming a polynucleotide sequence having a sequence identical, 
except for the presence of a phosphorus-sulfur bond in place of a phosphorus-oxygen bond, to a single 
stranded target polynucleotide sequence ("target sequence"), said method comprising the steps of: 

(a) hybridizing, to the 3*-end of said target sequence a first polynucleotide primer ("first primer") 
containing at least one phosphorous-sulfur bond, 

(b) extending said first primer along said target sequence, 

(c) dissociating said extended first primer from said target sequence, 

(d) hybridizing to the 3'-end of said extended first primer a second polynucleotide primer ("second 
primer") wherein said second primer can be the same as or different from said first primer, and 

(e) extending said second primer along said extended first primer to form extended second primer 
wherein, when said first and second primers are the same, said extended first primer is a template 
for said first primer and, when said first and second primers are different, said extended first primer 
is a template for said second primer and said extended second primer is a template for said first 
primer. 

21. The method of Claim 20 wherein said first and second primers are the same. 

22. The method of Claim 20 or 21 wherein conditions are chosen to obtain repeated cycling such that 
extended primers are dissociated from their templates and said primers are then hybridized to and 
extended along said extended primers. 
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Fig. 6. 
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SECOND ASPECT OF INVENTION 



Fig. 3. 
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